Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


^ 


€^9^^    ^ 


%  it%  i  *.  |ena 


e^cf  of  O^bnancc,  ^.  S.  a^mi^. 


f 


or 


so^ 


x^: 


i 


f 


i 


REPORT 


OF    THE 


0 


EF  OF  ORDNANCE 


TO 


THE  SECRETARY  OF  WAR 


FOR 


THE   VEJ^R   1881. 


■  ♦  ■ 


WASHINGTON: 

OOYEBNMSNT  PBINTINa  OFPICI. 

1881. 


V  B  R  A  7^  ^ 
Lelasd  Stanford, 


•0 


4 


k 

VI 


REPORT 

OF 

THE   CHIEF  OF  ORDNANCE. 


Wae  Department,  Obdnance  Office, 

WashhigtoUj  October  1,  1881. 

Sir  :  I  liave  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 
Jane  30, 1881,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

The  fiscal  resourees  and  expenditures  of  the  department  during  the 
year  were  as  follows,  viz: 

Amonnt  in  the  Treasury  to  the  credit  of  appropriations  on  June  30, 1830.      $154, 544  10 

Amonnt  in  the  Treasury  not  reported  to  the  credit  of  appropriations  on 
June  30, 1880 7,155  44 

Amonnt  in  government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  June  30, 1880 135,996  13 

Amount  of  appropriations  for  the  service  of  the  fiscal  year  ended  June 
30,  1881 1,840,696  24 

Amount  refunded  to  ordnance  appropriations  in  settling  accounts  during 
the  fiscal  year  ended  June  30, 1881 6,769  02 

Gross  amount  received  during  the  fiscal  year  ended  June  30,  ISSl,  from 
sales  to  officers ;  from  rents ;  from  collections  from  troops  on  account  of 
losses  of,  or  damages  to,  ordnance  stores;  from  Chicago,  Rock  Island 
and  Pacific  Railroad  Company ;  from  exchange  of  powder ;  from  sales 
of  condemned  stores ;  and  from  all  other  sources  not  before  mentioned .        138, 286  83 

Total 2,283,447  76 


Amount  of  expenditures  during  the  fiscal  year  ended  June  30,  1881,  in- 
cluding expenses  attending  sales  of  condemned  stores,  exchange  of 

J-  powder,  &c '. fl,637  593  79 

C  Amount  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 

1881,  as  proceeds  of  sales  of  government  property 64,308  55 

Amonnt  lapsed  into  the  Treasury  from  the  appropriation  '^Ordnance 
material/'  under  act  of  March  3,  1875,  during  the  fiscal  year  ended 

V  June  30, 1881 2  80 

Amonnt  turned  into  the  "  surplus  fund ''  on  June  30,  1881 3, 042  75 

,  Amount  in  government  depositories  to  the  credit  of  disbursing  officers 

^  and  others  on  June  30,  1881 175,278  54 

*  Amounts  transferred  from  ordnance  appropriations  in  settling  accounts 

during  the  fiscal  year  ended  June  30,  1881 376  37 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations  on 

June  30, 1881 2,658  85 

Amonnt  in  the  Treasury  to  the  credit  of  appropriations  on  June  30, 1881 .        400, 186  11 


Total 2,283,447  76 
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STATIONS  AND  DUTIES. 

The  stations  and  duties  of  the  officers  remain  about  the  same  as  re- 
ported last  year,  viz:  two  at  the  Ordnance  Office,  twenty-nine  at  the 
arsenals,  armory,  and  powder  depots ;  nine  at  the  ordnance  agency,  on 
the  Ordnance  Board,  and  at  the  foundries  5  seven  at  the  diff'erent  mili- 
tary headquarters  and  ordnance  depots;  four  at  the  Military  Academy; 
two  under  the  orders  of  the  Honorable  Secretary  of  the  Interior ;  and 
two  on  leave  of  absence  (sick).  Captains  Dutton  and  Pitman  have,  on 
application  of  th'e  Secretary  of  the  Interior,  been  detailed  for  duty  in 
that  department,  and  Lieutenant  Lyle  still  continues  on  duty  in  the 
Life-Saving  Service,  under  the  Secretary  of  the  Treasury.  Under  the 
operations  of  existing  laws,  two  officers  have  been  transferred  to  the  de- 
partment from  the  line  of  the  Army,  after  passing  satisfactory  exami- 
nations preliminary  thereto. 

The  recent  death  of  Col.  J.  G.  Benton,  commanding  the  ^National 
Armory,  has  cast  a  gloom  over  the  entire  department.  He  was  an  offi- 
cer of  marked  distinction,  of  the  greatest  professional  attainments,  with 
a  public  record  without  blemish,  and  a  private  life  pure  and  noble.  His 
death  is  a  national  loss.  He  gave  to  his  country  forty  years  of  laborious 
and  most  valuable  service,  and  has  left  a  name  and  a  memory  that  will 
be  cherished  by  all  lovers  of  the  good  and  the  true. 

In  the  Bevised  Statutes  are  found  the  laws  that  fix  the  duties  and 
responsibilities  of  the  Ordnance  Department.  It  provides  armament 
for.  our  extended  sea-coast  defenses,  and  arms  and  ordnance  stores  for 
the  Army  in  all  its  branches,  for  the  militia  of  the  States  and  Territories^ 
the  Marine  Corps  of  the  2^avy,  all  other  governmental  departments,  when 
necessary  to  protect  public  money  and  property,  and  the  thirty  colleges 
Authorized  to  receive  arms  for  instruction.  This  is  the  mere  supplying 
of  the  finished  product.  Its  gravest  responsibilities  lie  in  the  determi- 
nation of  the  best  war  material,  after  long  and  close  study  and  experi- 
ment, and  its  production  of  the  best  quality  and  workmanship.  That 
the  department  has  been  fairly  successful  in  its  labors  and  operations^ 
I  cheerfully  leave  to  the  Army  to  decide. 

Bock  Inland  Arsenal. — ^The  report  of  the  commanding  officer  is  here- 
with submitted.  The  erection  of  the  workshops  has  been  prosecuted 
with  aU  expedition  and  economy. 

Benicia  Arsenal, — The  appropriation  made  last  session  not  being  suffi- 
cient for  the  construction  of  the  necessary  workshops,  work  upon  them 
has  been  postponed  until  Congress  takes  action  on  the  estimate  sub- 
mitted. The  necessity  for  the  additional  appropriation  is  most  urgent^ 
in  view  of  the  fact  that  Benicia  is  the  only  manufacturing  arsenal  on  the 
Pacific  coast,  and  should  possess  all  the  facilities  and  appliances  to  make 
it  independent  of  our  government  workshops  east  of  the  Mississippi 
Elver. 

Piccatinny  Poicder  Depot. — The  interesting  report  of  the  officer  in 
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command  is  herewith  submitted,  with  the  hope  that  Congress  will  make 
liberal  appropriations  for  this  important  establishment.  Eailroad  facil- 
ities are  absohitely  essential  to  the  economical  and  successful  carrying 
out  of  the  plans  adopted,  and  to  connect  with  the  railroad  system  for 
prompt  and  rapid  transportation  of  gunpowder. 

San  Antonio  Arsenal. — Estimates  have  been  submitted  for  the  neces- 
sary buildings  at  this  arsertal.  It  supplies  the  entire  Texas  frontier, 
and  iti?  capacity  for  storage  and  repairs,  should  be  greatly  enlarged. 
Most  of  the  buildings  are  old  and  worthless,  and  should  be  at  once 
replaced. 

Frankford  Arsenal — The  report  of  its  operations  is  submitted.  As  it 
is  the  government  cartridge  factory,  the  arsenal  should  be  kept  in  the 
best  condition.  The  wall  on  the  creek  and  river  needs  renovating,  and 
an  appropriation  should  be  made. 

Testing  Machine  at  Watertown  Arsenal, — ^The  report  of  the  commanding 
officer  will  be  submitted  for  transmission  to  Congress. 

SMALL-ARMS. 

During  the  fiscal  year  ending  June  30,  1881,  there  were  manufactured 
at  the  National  Annory  20,528  rifles  and  carbines.  Much  miscellaneous 
work  in  impairs  of  arms,  spare  parts,  &c.,  was  done. 

On  the  1st  of  July  there  were  in  store  as  a  reserve  supply,  including 
those  manufactured  during  the  year,  only  37,526  arms.  This  is  but 
little  more  than  the  annual  consumption,  and  increased  appropriations 
for  accumulating  a  larger  reserve  are  indispensable  to  the  safety  of  the 
country. 

On  my  recommendation  Congress  at  its  last  session  provided  for  con- 
vening a  board  of  officers  to  examine  magazine  guns,  with  a  view  to  the 
selection  of  some  of  the  best  for  trial  in  service.  The  board  is  now  in 
session. 

In  this  connection  the  question  of  ammunition  becomes  an  important 
one.  The  capabilities  of  any  arm  can  only  be  utilized  by  those  experi- 
enced in  its  use,  and  target  practice  in  its  fullest  development  has  be- 
come a  necessity  in  all  armies.  The  expenditure  of  ammunition  for  this 
purpose  in  considerable  quantities,  or  in  quantities  sufficient  to  make 
our  soldiers  expert  marksmen,  is  not  waste  or  a  useless  expenditure.  On 
the  contrary,  it  is  of  vital  importance.  In  an  Indian  fight  the  best 
iftarksman  is  the  strongest  man.  Victory  is  not  for  the  man  of  muscle, 
but  the  result  of  the  quick  eye  and  cool  nerve  of  the  fine  shot.  If  our 
soldiers  can  pick  off  an  Indian  at  one  thousand  yards,  or  even  at  five  hun- 
dred yards,  with  unerring  certainty,  the  Indian's  occupation  is  gone.  But 
we  can  make  marksmen  of  our  soldiers  only  by  continued  practice,  and  by 
a  constant  expenditure  of  ammunition.  This  costs  money,  but  our 
Army  is  very  small,  and  lack  of  numbers  must  be  compensated  by  the 
greatest  efficiency  possible. 

A  close  calculation  shows  that  to  supply  each  soldier  with  the  ammu- 
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nition  required  for  target  and  gallery  practice  will  cost  $8.50  annuallj 
per  man,  or  a  total  of  $212,500. 

Besides  this,  we  require  money  for  the  ammunition  for  actual  service 
and  for  a  reserve  supply.  In  my  opinion  the  least  amount  that  should 
be  appropriated  for  ammunition  is  $300,000. 

MILITIA. 

In  my  last  annual  report  I  had  the  honor  to  refer  at  length  to  a  very 
exhaustive  report  from  the  House  Committee  on  the  Militia  on  the 
powers  of  Congress  and  the  rights  of  the  States,  accompanied  by  a  bill. 

Under  the  Constitution,  Congress  has  the  power: 

To  proTide  for  calling  forth  tho  militia  to  execute  the  laws  of  the  UnioD,  suppress 
insurrections,  and  repel  invasions. 

To  provide  for  organizing,  arming,  and  disciplining  the  militia,  and  for  governing 
such  part  of  them  as  may  be  employed  in  the  service  of  the  United  States,  reserving 
to  the  States,  respectively,  the  appointment  of  the  officers  and  the  authority  of  train- 
ing the  militia  according  to  the  discipline  prescribed  by  Congress. 

To  make  all  laws  which  bhall  be  necessary  and  proper  for  candying  into  execution 
the  foregoing  powers,  and  all  other  powers  vested  by  this  Constitution  in  the  Govern- 
ment of  the  United  States,  or  in  any  department  or  officer  thereof. 

No  State  shall,  without  the  consent  of  Congress,  »  *  •  keej)  troops,  or  8hij>s  of 
war,  in  time  of  peace,  *  *  *  or  engage  in  war,  unless  actually  invaded,  or  in  such 
imminent  danger  as  will  not  admit  of  delay. 

For  the  purpose  of  more  completely  arming  and  equipping  the  whole 
body  of  militia,  the  permanent  appropriation  of  $200,000  made  in 
1808  should  be  largely  increased,  and  I  so  earnestly  recommend.  In 
war  the  country  must  depend  upon  its  citizens  for  soldiers.  Its  militia, 
well  armed,  well  organized,  and  thoroughly  disciplined,  must  constitute 
its  armed  force.  The  absence  of  a  large  standing  army  must  be  com- 
pensated by  the  number  of  its  citizen  soldiers,  and  a  large  increase  to 
the  appropriation,  as  herein  suggested,  is  the  most  economical  way  of 
solving  this  important  question  of  a  large  armed  force  with  a  small 
standing  army. 

RETIRED  LIST. 

There  are  now  ten  ordnance  storekeepers  allowed  by  law.  Of  these, 
three  are  on  permanent  sick  leave,  being  totally  incapacitated  for  duty. 
Several  others  are  over  sixty-two  years  of  age.  Both  the  old  and  the 
sick  should  be  retired.  The  law  of  June  23, 1874,  provides  for  the  ex- 
tinction of  the  grade  of  storekeeper  by  casualties.  The  retirement  of 
these  old  and  sick  officers  has  been  recommended,  but  the  crowded  con- 
dition of  the  retired  list  and  the  stronger  claims  of  others  have  prevent- 
ed any  action.  The  interest  of  the  public  service,  substantial  economy, 
and  the  spirit  of  the  laws  call  for  favorable  consideration. 

In  this  connection  I  venture  the  expression  of  the  opinion  that  the 
well-being  and  efficiency  of  the  Army  require  the  peremptory  retireilient 
of  officers  at  the  age  of  sixty -two  years.  The  Army  law  governing  re- 
tirements should  be  made  to  ex)uform  to  that  of  the  Kavy,  fixing  by 
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statute  the  age  when  the  officer  is  retired.  Such  a  law  would  shield 
the  officer  from  apparent  invidious  selections  to  his  disadvantage,  and 
give,  what  is  so  much  needed,  a  healthy  How  of  promotion  to  the  advan- 
tage of  the  young  and  ^igorous. 

ARMAMENT  OF  FORTIFICATIONS. 

The  '^Act  making  appropriations  for  fortifications  and  other  works  of 
defensCi  and  for  the  armament  thereof,  for  the  fiscal  year  ending  June 
30, 1882,  and  for  other  purposes,''  approved  March  3, 1881,  provides: 

And  the  President  is  authorized  to  select  a  board,  to  consist  of  one  engineer  officer, 
two  ordnance  officers,  and  two  officers  of  artillery,  whose  duty  it  shall  be  to  msike  ex- 
aminations of  all  inv totions  of  heavy  ordnance  and  improvements  of  heavy  ordnance 
and  projectiles  that  may  be  presented  to  them,  including  guns  now  being  constructed 
or  converted  under  direction  of  the  Ordnance  Bureau ;  and  said  board  shall  make  de- 
tailed report  to  the  Secretary  of  War,  for  transmission  to  Congress,  of  such  examina- 
tion, with  recommendation  as  t-o  what  inventions  are  worthy  of  actual  test,  and  the 
estimated  cost  of  such  test;  aud  the  sum  of  twenty-five  thousand  dollars,  or  so  much 
thereof  as  may  be  necessary,  is  hereby  appropriated  for  such  purpose. 

In  conformity  with  the  foregoing  act,  a  board  of  officers  has  been 
appointed  and  is  now  in  session  for  the  purpose  of  making  examinations 
of  all  inventions  referred  to  in  the  law,  and  making  a  detailed  report  of 
such  examinations,  witli  recommendation  as  to  what  inventions  are 
worthy  of  actual  test,  and  the  estimated  cost  of  such  test. 

As  it«  report  will  undoubtedly  be  made  and  transmitted  to  Congress 
early  the  next  session,  I  will  at  this  time  merely  submit  reports  from  the 
Constructor  of  Ordnance  and  the  Ordnance  Board  on  the  progress  made 
and  the  results  obtained  during  the  past  year. 

PAPERS  ON  ORDNANCE  SUBJECTS,  ETC. 

« 

I  have  also  to  transmit  several  very  valuable  and  interesting  papers 
on  ordnance  and  other  subjects,  by  officers  of  the  department. 

CLERICAL  FORCE. 

The  clerical  fore©,  including  the  twenty  enlisted  men  allowed  by  law, 
is  found  ample  to  perform  the  labors  of  this  bureau.  But  I  have  again 
the  honor  to  recommend  that  three  clerks  of  class  four  may  be  provided, 
to  take  charge  of  the  three  important  divisions  of  this  office.  I  have 
also  to  recommend  that  the  pay  of  the  chief  clerk  may  be  increased.  If 
the  compensation  should  be  commensurate  to  the  capacity,  experience, 
and  to  the  duty  performed,  his  present  salary  is  entirely  inadequate.  I 
know  of  no  more  valuable  and  indispensable  public  servants  than  the 
chief  clerks  of  our  bureaus,  and  equal  talents  and  services  would  in  pri- 
vate business  exact  much  larger  compensation  than  is  allowed  by  Con- 
gress. This  matter  is  respectfully  submitted  to  your  favorable  consid- 
eration. 

I  have  the  honor  to  submit  the  following  papers,  heretofore  referre<l  to 
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Appendix  1. — Statement  of  principal  articles  procured  by  fabrication 
at  the  arsenals  during  the  year  ended  June  30, 1881. 

Appendix  2. — Statement  of  principal  articles  procured  by  purchase  at 
the  arsenals  during  the  year  ended  June  30j  1881. 

Appendix  3. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year 
ended  June  30, 1^1. 

Appendix  4. — Apportionment  for  the  fiscal  year  ended  June  30,  1881, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equil)ping  the 
militia,  under  sections  1661  and  1667,  Revised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  from  July  1, 1880,  to  June  30, 1881,  under  section  1667, 
Kevised  Statutes. 

Appendix  6. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  colleges  from  July  1, 1880,  to  June  30, 1881,  under  section  1225,  Re- 
vised Statutes. 

Appendix  7. — Statement  of  arms  and  ammunition  issued  to  the  execu- 
tive departments  during  the  year  ended  June  30, 1881,  under  the  pro- 
visions of  the  act  of  March  3,  1879. 

Appendix  8. — Report  of  action  taken  during  the  year  ended  June  30, 
1881,  under  the  provisions  of  the  act  approved  March  3, 1881. 

Appendix  9. — ^Report  of  the  principal  operations  at  the  Rock  Island 
Arsenal,  Illinois,  during  the  fiscal  year  ended  June  30, 1881,  Major  D.  W. 
Flagler,  Ordnance  Department,  commanding. 

Appendix  10. — Report  of  the  principal  operations  at  the  Benicia 
Arsenal,  California,  during  the  fiscal  year  ended  June  30, 1881,  Col.  J. 
McAllister,  Ordnance  Department,  commanding. 

Appendix  11. — Report  of  the  principal  operations  at  the  Piccatinny 
Powder  Depot,  New  Jersey,  during  the  fiscal  year  ended  June  30, 1881, 
Major  F.  H.  Parker,  Ordnance  Department,  commanding. 

Appendix  12. — Report  of  the  principal  operations  at  the  Frankford 
Arsenal,  Pennsylvania,  during  the  fiscal  year  ended  June  30, 1881, 
Major  S.  C.  Lyford,  Ordnance  Department,  commanding. 

Appendix  13.— Experiments  with  small-arms  having  varying  length 
and  weight  of  barrels  and  charges  of  powder  and  bullets,  by  Capt.  John 
E.  Greer,  Ordnance  Department. 

Appendix  14. — Report  on  fabrication  of  centers  for  paper  targets  at 
Rock  Island  Arsenal,  Illinois,  by  Major  D.  W.  Flagler,  Ordnance  De- 
partment. 

Appendix  1»1. — ^Description  of  harness  manufactured  at  Rock  Island 
Arsenal,  Illinois,  for  the  Laidley  cavalry  forge,  by  Major  D.  W.  Flagler, 
Ordnance  Department. 

Appendix  10. — Physical  properties  of  Ulster  tube-iron,  by  Lieut.  C.  W. 
Whipple,  Ordnance  Department. 

Appendix  17. — Long-range  firing,  being  a  continuation  of  Appendix 
25,  Report  of  1880. 
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Appendix  18. — Report  on  a  telemeter  sight  invented  by  Capt.  Lnig6 
Folta,  Italian  artiller^^,  by  Capt.  John  E.  Greer,  Ordnance  Department. 

Appendix  19. — Report  on  the  inspection  of  contract  small-arm  ammu- 
nition, by  Capt.  Henry  Metcalfe,  Ordnance  Department. 

Appendix  20. — Report  on  the  geology  of  the  high  plateaus  of  Utah, 
by  Capt.  C.  E.  Dutton,  Ordnance  Department. 

Appendix  21. — Report  on  the  Spencer  line-throwing  gun  for  life-saving 
purposes,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department. 

Appendix  22. — The  practical  application  of  Bartlett's  formulas  to 
problems  in  gun  construction,  by  Capt.  George  W.  McKee,  Ordnance 
Department. 

Appendix  23. — Rational  and  practical  ballistics,  translated  and 
adapted  to  the  English  system  of  weights  and  measures,  by  Lieut.  O. 
B.  Mitcham,  Ordnance  Department. 

Appendix  24. — ^Report  on  feed-guides  for  machine-guns,  and  method 
of,packing  the  ammunition  for  transportation,  by  Cai)t.  John  E.  Greer, 
Ordnance  Department. 

Appendix  25. — ^Report  on  the  Hunt  life-saving  projectile,  by  Lieut.  D. 
A.  Lyle,  Ordnance  Department. 

Appendix  26. — Report  on  sponge,  sponge-cover,  and  cartridge  bag  for 
the  life-saving  apparatus,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department. 

Appendix  27. — Report  on  the  manufacture  of  the  "Mills"  spurs  and 
straps,  by  Lieut.  L.  L.  Bruff,  Ordnance  Department. 

Appendix  28. — Reports  on  exi)erimental  cartridges  containing  seventy 
and  eighty  grains  powder  and  five  hundred  grains  of  lead,  by  Capt. 
John  E.  Greer,  Ordnance  Department. 

Appendix  29. — Report  on  prism  range-finders,  by  Lieut.  A.  H.  Russell, 
Ordnance  Department. 

Appendix  30. — Report  on  pack  outfit  for  Hotchkiss  breech-loading 
mountain  gun,  by  a  board  consisting  of  Captains  R.  P.  Hughes,  Third 
Infantry,  and  O.  E.  Michaelis,  Ordnance  Department. 

Appendix  31. — Report  of  practice  with  the  Hotchkiss,  Gatling,  and 
Gardner  machine-guns,  by  Capt.  E.  B.  Williston,  Second  Artillery. 

Appendix  32. — ^Description  of  a  proposed  3.5-inch  breech-loading  rifle, 
by  Capt.  George  W.  McKee,  Ordnance  Department. 

Appendix  33. — Report  on  comparative  merits  of  shells  in  aiming  drill, 
by  Lieut.  C.  C.  Morrison,  Ordnance  Department. 

Appendix  3^. — ^Trajectory  of  a  projeciile  in  vactio,  by  Capt.  John  E, 
Greer,  Ordnance  Department. 

Appendix  35. — Report  on  files,  by  Lieut.  D.  A.  Lyle,  Ordnance  De- 
partment, and  S.  W.  Porter,  master  armorer  at  the  National  Armory. 

Appendix  36. — Showing  stations  and  duties  of  the  oflicers  of  the  Ord- 
nance Department  on  the  Ist  of  October,  1881. 

REPOETS  OF  THE  CONSTRUCTOR  OF   ORDNANCE. 

Appendix  37. — Construction  of  an  11-inch  breech-loading  chambered 
rifte. 
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Appendix  37^ — Construction  of  an  ll-incli  muzzle-loading  chambered 
rifle. 

Appendix  31\ — Construction  of  an  8-inch  breech-loading  chambered 
rifle. 

Appendix  37®. — Construction  of  three  3.20-inch  breech-loading  cham- 
bered rifles. 

Appendix  37^. — Construction  of  carriage  for  3.20-inch  rifles. 

Appendix  37^. — Progress  report  on  12-inch  breech-loading  chambered 
rifles. 

Appendix  37^. — ^Progress  report  on  12-inch  breech-loading  chambered 
rifle  howitzer. 

Appendix  37**. — Progress  report  on  plant  for  fabrication  of  12-inch 
rifles. 

Appendix  3V. — Report  on  tests  of  Firth's  steel. 

Appendix  37^. — Progress  report  on  cannon  powder. 

REPORTS  OF  THE  ORDNANCE  BOARD. 

Appendix  38. — Proper  mode  of  packing  gunpowder. 
Appendix  38f. — Continued  test  of  8-inch  breech-loading  rifle,  No.  1. 
Appendix  38^. — 3.20-inch  breech-loading  chambered  rifles. 
Ap2)endix  38®. — 11-inch  muzzle-loading  chambered  rifle,  !N^o.  2. 
Appendix  38*^ — Hotchkiss  single  and  triple  wall  shells. 
Appendix  38^ — Hotchkiss  mountain  gun. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  serv^ant, 

S.  V.  BEIJ^T, 
Brigadier- General^  Chief  of  Ordnance. 
To  the  Hon.  Secretary  of  War. 


APPENDIX  1. 

Statement  of  principal  articles  procured  by  fabrication  at  the  offsenaU  dur- 
ing the  fiscal  year  ended  June  30, 1881. 

Class  II» 

13  carriages  for  Gatling  guns. 

1  animanition  cart  for  Gatling  gun» 

Class  III. 

4  breech  sights  for  8-inch  rifle. 
4  braces  for  elevating  arcs. 

2  carrying  bars. 

74  chocks,  iron  wheel,  right  and  left. 

51  elevating  arcs  and  indices. 
4  fuse  wrenches. 

12  fuse  plug  wrenches  for  metallic  plugs. 

1  jfront  sight  seat. 

50  gunners'  haversacks  for  8inch  rifle. 

11  gun  covers  for  Gatling  guns. 
09  handspikes,  maneuvering.  . 
50  handspikes,  front. 

^  50  handspikes,  rear. 

"  50  handspikes,  recoil  check. 

12  handspikes,  shod,  for  barbette  carriages. 

28  handspikes,  trail,  for  field  gnus. 

45  sets  of  harness  for  Laidley  forge  cart  (2  horse^)» 

3  sets  of  harness  for  Hotchkiss  mountain  gun. 
250  harness  bags. 

4  muzzle  covers  and  straps. 
25  muzzle  or  front  sights. 

3  pass  boxes. 

29  pointing  sights  and  arcs. 
14  pouches  for  Quinan  sights. 
01  pinch  bars. 

2  priming  wires,  field  guns. 

50  priming  wires,  siege  and  garrison  guns. 
8  Quinan  sights. 
25  rear  sights  and  sockets. 

3  rear  sights  for  Hotchkiss  mountain  gun. 

4  rammers  and  staves  for  8inch  rifle. 

52  shot  hooks. 

54  shot  carrying  bars. 
8  sponge  covers  for  3-inch  rifle. 
50  sponges  and  rammers  for  8-inch  rifle. 

4  sponges  and  rammers  for  12-pounder  gun. 

22  sponges  and  rammers  for  10-pounder  Parrott  gun. 
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10  sponges  and  rammers  for  3-inch  wrouglit-iron  rifled  gun. 
5  sponges  and  staves  for  8-iiich  rifle. 
54  thumbstalls. 

1  tompion  for  12-pounder  siege  gun. 
3  tompions  for  4.5incli  siege  gun. 

2  tompions  for  24-pounder  Coehoru  mortar, 
16  tompions  for  8-inch  gun. 

1  tompion  for  8  inch  mortar. 
5  tompions  for  10-inch  gun. 

1  tompion  for  10-inch  mortai\ 

3  tompions  for  15-inc1i  Eodman  gun. 
50  tube  pouches  for  8-inch  rifle. 

5  vent  covers. 
S9  vent  pieces. 

Class  Y. 

909  shells  and  cases  for  Hotchkiss  mountain  gun,  caliber  1.65- 
inch,  filled  and  fixed. 
2,000  shells  and  cases  for  Hotchkiss   revolving  cannon,  caliber 
1.50-inch,  filled  and  fixed. 

Class  VI. 

10, 000  Springfield  carbines,  caliber  .45. 
14, 863  Springfield  rifles,  caliber  .45. 

151  Springfield  rifles,  long  range,  caliber  .45. 
1, 014  Springfield  rifles  with  rod  bayonet,  caliber  .45. 
500  Springfield  rifles,  cadet,  caliber  .45. 

1. 000  Hotchkiss  navy  rifles,  caliber  .45. 

2  shot  guns. 

100  cavalry  officers'  sabers. 
1, 002  hunting  knives. 

Class  YII. 
infantry  eqxnpments. 

1. 001  bayonet  scabbards,  steel,  hook  attachment. 

11,  761  bayonet  scabbards,  steel,  Hoifman's  attachment. 
7, 373  blanket  bags  with  coat  straps. 
7, 373  blanket  bag  shoulder  straps. 
5,514  canteens. 

6, 104  canteen  straps  and  hooks. 
8, 900  cartridge  belt  plates. 

1  cartridge  belt  and  buckle  with  D  rings. 
674  clothing  bags. 

81  frogs,  sliding,  for  non-commissioned  officers'  swords. 
1, 150  frogs  for  bayonet  scabbards. 
j  4, 960  gun  slings,  lengthened. 

I  521  haversacks. 

1, 000  haversack  straps. 
450  hook  straps  for  carrying  braces. 
25  knapsacks,  Hoffman's  pattern. 
7, 410  McKeever  cartridge  boxes. 
1, 080  pairs  great  coat  straps. 

1. 002  scabbards  for  hunting  knives. 
10, 000  waist  belts  and  plates,  O.  M.  No.  19. 

Ij  540  waist  belt  plates,  non-commissioned  pfflcers. 
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CAVALRY  ACCOUTERMENTS. 

1^  800  carbine  slings. 

12  pistol  cartridge  poaches: 
503  pistol  holsters. 

2  saber  belts. 
602  saber  belt  plates. 

APPENDAGES 

250  biiish  wipers. 
406  bullet  moulds,  round  balL 
43, 518  headless  shell  extractors. 
10, 419  jointed  ramrods. 
1, 013  wipers  for  rod  bayonets. 
1, 130  wiping  rods,  wood. 
35,327  screw-drivers. 

HORSE  EQUIPMENTS 

■ 

2  bridles,  curb,  cavalry. 
50  cincha  straps. 
«  35  girth  billets. 

4, 700  hair  cinchas. 
900  halter-straps. 
8, 450  halters  and  straps. 
1, 000  horse  covers. 
2,  '499  lariats. 
2, 050  picket  pins. 

502  saddles. 
2, 150  saddle  bags,  dyed  duck. 
2, 850  saddle  bags,  leather. 

500  spurs  and  straps. 
2, 070  side  lines. 
50  surcingles. 
1  watering  bridle. 

Class  VIIL 

3, 000  blank  cartridge  bags,  i  pound. 
1, 200  blank  cartridge  bags,  2  pound. 
3, 596  cartridge  bags,  10-x)ounder  gun. 
11, 268  cartridge  bags,  3-inch  gun. 
10, 000  cartridge  bags,  12-pounder  mountain  howitzer* 
,   21, 984  cartridge  bags,  12-pounder  field  gun» 
9, 250  cartridge  bags,  Opounder  field  gun. 
150  cartridge  bags,  11-inch  rifie. 
1, 002, 000  carbine  ball  cartridges,  caliber  .45. 
2, 561, 153  rifle  ball  cartridges,  caliber  .45. 

10, 000  rifle  ball  cartridges,  long  range,  caliber  .45. 
3, 000  rifle  ball  cartridges,  500-grain  bullet,  caliber  .45. 
309, 130  rifle  and  carbine  ball  cartridges,  caliber  .45,  solid  liead,  re- 
loading, moilel  1881. 
552, 510  revolver  ball  cartridges,  caliber  .45. 
290, 500  bullets,  caliber  .45. 
78, 900  rifle  bullets,  lubricated,  500  grain,  caliber  .45. 
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1, 163^  100  round  ballets,  caliber  .45. 
430  cartridges  for  shot  gnns. 
107, 000  blank  cartridges,  caliber  .58. 
319, 100  rifle  and  carbine  blank  cartridges,  caliber  .45. 
105, 384  blank  revolver  cartridges,  caliber  .45. 
124, 660  friction  primers. 
2, 000  electric  primers. 
400  paper  fuses,  25  seconds  to  the  inch. 
25  Woodbridge  fuses. 

Class  IX. 
377  blocks. 
18  blocks,  half. 

17  blocks,  quarter. 

2  blocks,  snatch. 
8  chains,  iron. 

1  capstan  and  bars. 
25  cho<^ks,  roller. 
50  chocks,  wheel. 

1  cradle,  15-inch  gun. 

3  derricks. 

4  gin  blocks,  iron,  double  and  treble. 

2  hand  carts. 

109  Laidley  revolving  targets. 

18  hand  carts,  covered. 
11  platforms  for  mortars. 

7  platforms  for  siege  guns. 
30, 000  paper  centers  for  targets. 
3, 265, 000  pasters. 

S6, 069  paper  targets. 

2  range  finders,  Weldon. 
28  rollers,  long. 
16  rollers,  short. 
24  shifting  planks. 
1  shears  for  15-inch  gun. 
39  shot  beds. 
240  shot  marks. 
20  skids. 
1  sling  wagon,  Laidley. 

1  set  of  velocity  targets. 

2  tininnion  chains. 

Class  X. 

4  shafts  for  Hotchkiss  mountain  carriage. 

5  keys  and  stay-pins. 

1  key-bolt. 

2  pound%  wheel  nails. 

3  parts  of  Laidley  cavalry  forge. 

4  parts  of  Hotchkiss  mountain  carriage. 

1  pole  for  field  carriage. 
24  spokes  for  wheels. 

60  felloes  for  wheels. 
4  pole  pads. 

2  pairs  pole  straps. 

13  rammer  heads  for  3-inch  guns. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  15 

12  woolen  sponges  for  field  gans. 
560  sabots  for  15-inch  shells. 
340  tin  straps  for  15-inch  shells. 
8  barrels  for  Springfield  rifles,  caliber  .45. 
57  bayonets  for  cadet  rifles,  caliber  .50. 
107, 889  spare  parts  for  Springfield  rifles,  caliber  .45. 
185  spare  parts  for  Hotchkiss  navy  rifles. 
45  parts  of  swords. 
25  pistol  grips. 

48  stocks  for  Springfield  rifles,  caliber  .45. 
34, 000  iron  and  brass  buckles. 
1, 880  canteen  covers. 
2, 548  fasteners  for  side  lines. 
1, 203  brass  hooks  for  bayonet  scabbards. 

350  hook  straps. 
2, 622  hooks  for  lariats. 
3, 000  hooks  and  straps  for  canteens. 
100  halt«r  hooks. 

100  double  S  halter  hooks. 
50  halter  bolts. 

159  halter  rings. 
6, 300  halter  straps. 
1, 000  halter  strap  swivels. 
3, 500  meat  cans. 

170  guard  plate  ovals. 

124  parts  of  horse  equipments. 
1, 000  saddle  bag  studs. 

500  swivels  for  side  lines. 

500  spring  snaps. 
5, 000  staples  for  rings. 

216  artillery  surcingles. 
5, 990  tin  cups. 

30, 975  cartridge  bags,  empty,  various. 
65,200  cartridge  shells,  caliber  .45. 
759, 000  cartridge  primers. 

260  time  fuse  plugs. 

7  parts  of  gins. 

20  springs  for  Laidley  targets.  , 

35  shot  mark  staves. 

MISCELLANEOUS. 

1,288  arm  chests. 
4  axe  handles. 
2  benches. 

8  quarts  browning  mixture. 
2  cedar  cases. 

101  chamois  skin  cases. 
1  copy  press  stand. 

195  grates  for  heating  stoves. 
3, 502  pounds  harness  oil. 

12  copper  hoops  for  powder  barrels. 
1  hydroscope. 
4  iron  gutters. 
143  laboratory  articles. 
115  gallons  lacquer. 


16  REPORT  OF  THE  CHIEF  OF  ORDNANCE 

250  boxes  leather  blacking  ingredients. 

2  lightning  arresters. 
4  lockers. 

1, 000  pounds  lubricant  for  bullets. 
2j  420  packing  boxes,  wood. 

22  packing  boxes,  tin. 
6, 119  pounds  paint,  various. 

3  pasteboard  boxes. 
Ill  portable  arm  racks. 
110  pounds  putty. 

96  riveting  irons. 
438  pounds  scouring  and  polishing  material. 
66  pounds  sealing  wax. 
1, 878  small  arm  ammunition  boxes. 

2  steps. 

52  strainers  for  lubricating  bullets. 
212  stove  feet. 

3  tables. 

1  target  mask  and  screen. 

2  target  plates. 

3  target  cameras. 
3, 426  tin  cans. 

1  vernier  wheel. 
50  pounds  wheel  grease. 

4  wooden  tubs. 

TOOLS. 

109  augers. 

1  annealing  furnace. 
243  armorer's  mills. 

1  armorer's  tool  .chest. 

1  belt  shifter. 
43  bits. 

261  brushes. 

2  bookcases. 

1  bullet  trimming  machine. 

2  burning  irons. 
500  button  sticks. 

9  caliber  pfugs. 

1  cartridge  burring  machine. 

4  cartridge  trimming  machines. 

1  cartridge  primer  inserting  machine. 

2  cartridge  stamping  machines. 

256  cast-iron  army  stoves  (for  wood  and  coal). 
208  chisels. 
18  cold  chisels. 
17  counterborers. 
248  di^,  various. 

1  desk. 

1  diameter  calipers. 

1  die  stock. 
898  drills. 

1  drill  jig. 

1  drop  hammer. 

4  electric  switches. 

2  firing  rests. 
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22  forgings. 

1  former  for  electric  primer  box. 
300  gas  checks. 

68  gauges,  assorted. 

6  gauges,  eccentric  head. 
4  glue  pots. 

3  handles. 

125  hand  tools  for  reloading  cartridges. 

8  iceboxes. 
Ill  iron  bolts. 

4  ladders. 

2  leather  aprons. 
1  loading  tube. 

1, 000  labels. 

3  mallets. 

1  milling  machine. 

16  miscellaneous  office  articles. 

2  pans. 

7  patterns.. 

203  i)Owder  chargers. 

1  pressure  piston. 
800  pressure  disks. 

1  pressure  scale. 

1  pressure  dynamometer. 
83  primer  extractor  pins. 

5  primer  extractors. 
340  proving  plugs. 

11  punches. 

63  punching  blocks,  lead. 
124  rods  for  stoves. 
250  reloading  funnels. 
101  rotary  files. 
1  saddler's  horse. 

1  signal  flag. 

13  shoeing  knives. 

12  slickers,  stei^l. 

8  stamps  (figures). 

2  taps. 

1  tap  wrench. 
12  tool  bags. 
4S  tools,  primer  box. 
3, 911  tools  for  current  service  (various). 

1  wheelbarrow. 

6  wire  scratch  brushes. 
52  wrenches. 

1  yoke  for  harness. 

2  OED 


APPENDIX  2. 

Statement  of  principal  articles  procured  by  purchase  at  the  arsenals  during 

the  year  ending  June  30, 1881, 

Class  II. 

6  carriages  for  Gardner  machine  guns. 
4  carriages  for  Gatliug  guns,  10  barrels,  long,  caliber  .50. 
10  carriages  for  Hotchkiss  mountain  guns,  caliber  1.65. 
1  carriage  and  limber  for  breech-loading  rifle,  caliber  3.2  inches. 

Class  III. 

1, 620  feed  cases  for  Gardner  machine  guns. 
316  feed  cases  for  Gatling  guns,  caliber  .50. 
10  sets  of  implements  for  Hotcbkiss  mountain  guns,  caliber  1.65 
inches. 
200  paulins,  12  by  15  feet. 

Classes  IV  and  V. 

40  11-iuch  Butler  cored  shot. 
200  4.5-iuch  Butler  shot. 
200  4.5-inch  Butler  shell. 
200  3-inch  Butler  shot. 
200  3-inch  Butler  shell. 

15  8-inch  Butler  shell. 

60  Butler's  solid  shot,  11 -inch  rifle. 

Class  VI. 
1;  000  Colt's  revolvers,  caliber  .45. 

Class  VII. 

5, 000  saddle  blankets. 

988  felt  saddle  cloths. 
40, 026  woven  cartridge  belts. 

5, 138  curry  combs. 
10, 000  Mills'  cartridge  belt  plates. 

Class  VIII. 

55, 000  pounds  musket  powder. 
105, 000  pounds  hexagonal  powder. 
300, 000  rifle  ball  cartridges,  caliber  .50. 
450  Hotchkiss  percussion  fusee. 
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Class  X. 

^00  Whitman  saddle  trees. 
1, 246, 260  Winchester  cartridge  primers. 

150  sabots  for  11-inch  muzzle  loading  rifle. 
60  sabots  for  3.20-inch  breech  loading  rifle. 

Miscellaneous. 

10, 000  yards  cotton  cloth,  72  inches. 
225  yards  burlaps. 
320  pounds  sash  cord. 
2, 756  pounds  cotton  waste. 
3, 665  yards  cotton  duck. 
9, 068  i)ounds  rope. 
1, 437  pounds  thread. 
534  pounds  twine. 
8, 004  yards  webbing. 

851J  yards  cotton  twills. 
4, 200  pounds  bran. 
35, 000  pounds  hay. 
28, 000  pounds  meal. 
64  bushels  meal. 
16, 000  pounds  oats. 

92^  bushels  oats. 
60, 535  pounds  straw. 

1  barrel  rye  flour. 
6  barrels  salt. 

•     2, 900  i)ounds  sheet  brass. 
1, 520|  pounds  brass  castings. 
52, 78l|  pounds  iron  castings. 
136, 119|  pounds  sheet  copper. 
133  pounds  bai-  copper. 
56  pairs  hinges. 
7, 312  i)ounds  bar  iron. 
3, 437  pounds  plate  iron. 
20, 780  pounds  nails. 
1, 320  gross  screws. 
304, 821  pounds  gun  steel. 
1, 000  pounds  cast  steel. 
1, 707, 000  iron  tacks. 

44^  pounds  iron  tacks. 
125  papers  copper  tacks. 
3, 000  copper  tacks. 
700  pounds  block  tin. 

2  boxes  sheet  tin. 

12  papers  glazier's  points. 
62  pounds  brass  wire. 
1, 003J  pounds  copper  wire. 
1, 000  feet  Kerite  covered  wire. 
250  feet  platinum  wire. 
303  pounds  steel  wire. 
171  pounds  iron  washers. 
560  pounds  iron  nuts. 
100  pounds  soldering  wire. 
5, 317  feet  iron  pipe. 
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37  cocks,  valves,  &c. 
1, 872  gas  fittings. 

96  wrought  iron  I  beams. 

4  wrought  iron  channel  beams. 
15, 912  pounds  ca^t  iron  columns. 
39, 513  pounds  iron  roof  trusses. 

522  pounds  cast  iron  doors  and  frames. 
46, 279f  square  feet  black  bag  leather. 
1, 101 J  square  feet  bellows  leather. 

395  feet  belting  leather. 
1, 012|  square  feet  oridle  leather. 
4, 928  sides  bridle  leather. 
300  pounds  buff  leather. 
41, 135  square  feet  collar  leather. 
23, 504  pounds  harness  leather. 

2  sides  harness  leather. 
40  sides  lace  leather. 

400  feet  lace  leather. 
4, 885  b^ls  black  wax. 
160, 067  feet  boards. 
21, 039  feet  plank. 
2, 872  feet  timber. 
10,000  bricks. 

3  barrels  cement. 

43  boxes  window  glass. 
600  feet  window  glass. 
50  bushels  lime. 
130  posts. 
857  feet  curb- stone. 
144  brooms. 
252  pounds  candles. 
30,949  bushels  charcoal. 

12  chamois  skins. 

1, 519^f^  tons  anthracite  coal. 
1, 242^f  g  tons  bituminous  coal. 

25^  reams  emery  and  crocus  cloth. 

80  quires  etoery  paper. 
5, 100  pounds  emery. 

48^  reams  sand  paper. 
2,007|  pounds  soap. 

25  barrels  soap. 
106  pounds  sponge. ' 
450  papers  tnpoli. 

13  emery  wheels. 

23  pounds  rottenstone. 
4, 219^  gallons  gasoline. 

5  x>ounds  pumice  stone. 
8  cords  piive  wood. 

1, 200  pounds  wrapping  paper. 
1, 000  feet  red  tape. 
8,256  envelopes. 

12  star  copying  pads. 

18  Sisson's  binders. 

4  reams  shoe  paper. 
12  pencil  sharpeners. 

1  set  rollers  for  letter  press  book. 
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19  gross  steel  pens. 

6  gross  quill  pens. 

34J  reams  writing  paper. 

27  dozen  pencils. 

18  gross  rubber  bands. 
12  boxes  adhesive  seals. 

7  pounds  sealing  wax. 
15  quarts  writing  ink. 
12  bottles  carmine  ink. 
24  ink  erasers. 

288  thumb  taeks. 

5  pounds  Davidson's  rubber. 
48  yards  tracing  cloth. 

6  sticks  India  ink. 

2  reams  printing  paper. 
1, 600  shipping  tags. 

60  boxes  gum  labels. 
5 J  000  china  cards. 

24  rubber  penholders. 
144  pencil  point  protectors. 
5  pounds  banker's  pins. 
2, 000  Heyl's  fasteners. 
1,000  eyelets. 

20  pans  N.  &  N.  vermilion. 
1  bottle  Chinese  white. 

12  spring  iiles. 
24  bottles  pounce. 
12  plain  wire  files. 
12  ink  erasing  pencils. 
1, 000  bristle  board  cards. 
21^  844  i)Ounds  sulphuric  acid. 
4}  gallons  carbolic  acid. 
500  i)Ounds  muriatic  acid. 
373^  gallons  alcohol. 
22|  pounds  beeswax. 
50  gallons  benzine. 
150, 000  pounds  bone. 
100  pounds  borax. 
47  pounds  chalk. 
600  pounds  glue. 

24  cans  concentrated  lye. 
500  pounds  nitric  acid. 
200  pounds  mercury. 

100  pounds  chlorate  of  potash. 
10  pounds  cyanide  of  i)otash. 
5j  500  pounds  sal  soda. 
4y  000  pounds  silicate  of  soda. 
125  pounds  sulphate  of  copper. 
10  barrels  coal  tar. 
1,,997  pounds  potash,  Montreal. 

25  pounds  sulphate  of  iron. 
1  pound  carmine. 

96  pounds  chrome  yellow. 

28  pounds  ivory  black. 
737  pounds  lampblack. 

45  gallons  lacquer. 
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175  pounds  litharge. 
19, 983  pounds  white  lead. 
450  pounds  red  lead. 
100  pounds  dry  lead. 
10  gallons  castor  oil. 
298j^  gallons  cod  oil. 
128  quarts  cosmoline  oil. 
102  gallons  headlight  oil. 
100  gallons  kerosene  oil. 
^9  ^^H  gallons  lard  oil. 
2,143j^  gallons  linseed  oil. 
604^  gallons  neat's-foot  oil. 
1  gallon  olive  oil. 
3, 518^  gallons  sperm  oil. 
49|  gallons  valvoline. 
550  pounds  black  paint. 
125  pounds  green  paint. 
£00  pounds  lead-color  paint. 
4j  570  pounds  metallic  paint. 
1, 600  pounds  olive  paint. 
275  pounds  red  paint. 
32  pounds  Prussian  blue. 
300  pounds  putty. 
225  pounds  shellac. 
35  pounds  stone  yellow. 
1, 345-fV  gallons  turpentine.  ' 

10  pounds  Tuscan  red. 
60  pounds  burnt  umber. 
100  pounds  Venetian  red. 

49  pounds  vermilion. 

10  gallons  copal  varnish. 
60^  gallons  coach  varnish. 
58  gallons  Japan  varnish. 
104  gallons  varnish,  patent  drier. 
149  pounds  varnish,  patent  drier. 
20  pounds  sienna. 
990  pounds  whiting. 
1, 960  pounds  yellow  ocher. 
100  pounds  zinc. 
62  packing  boxes. 
1, 385  tin  boxes. 
30,000  pounds  straw  boards. 

50  tin  cans. 

48  drinking  cups.   ^ 
350  pounds  wheel  grease. 

1  set  post  harness. 
300  feet  linen  hose. 
2j  924  pounds  Japan  wax. 

TOOLS. 

1  lead  furnace  for  heating  steel. 
1  automatic  cut-oft*  steam  engine. 
1  gravimetric  density  balance. 
1,062  brushes. 
100  pounds  chalk  line. 
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2  dozen  chalk  lines. 
188  twist  drills. 
1,  522  handles. 
264  knives. 

76  oil  atones. 
250  priming  tools. 
2, 161  tools,  various. 
60  utensils,  various. 

1  milling  machine. 

2  grinding  machines. 
1  screw  machine. 

1  Spencer  recapper. 
1  annealing  apparatus. 
1  water  heater  and  pump. 
1  machine  for  hardening  steel. 


APPENDIX  3. 

8tat€7ti€7it  of  ordnance^  ordtmnce  stores^  &c.^  issued  to  the  military  estab- 
lishment^ exclusive  of  the  militia^  durinff  the  fiscal  year  eftided  June  30, 
1881. 

Class  I. 

4  Lowell  battery  ^uns. 
3  Gardner  machiue  guns. 

7  Gatling  guns,  caliber  .45,  10  long  barrels. 
2  Gatling  guns,  caliber  .45,  5  short  barrels. 
9  3inch  rifled  guns. 

6  4.5'incli  siege  guns. 
2  light  12-pounder  guns. 
1  8-inch  Rodman  gun. 

1  10-inch  Rodman  gun. 

2  24-pounder  Coehorn  mortars. 

2  10-inch  siege  mortars. 

3  13-inch  siege  mortars. 

Class  II. 

2  tripods  for  short  barrel  Gatling  gun. 

2  ammunition  carts  for  Gatling  gun. 
1  Gatling  battery  cart. 

6  carriages  and  limbers  for  long-barrel  Gatling  gun. 

3  carnages  and  limbers  for  Gardner  machine  gun. 

4  carriages  and  limbers  for  Lowell  battery  gun. 

8  carriages  and  limbers  for  3-inch  rifle. 

1  carriage  without  wheels  for  3-inch  rifle. 
6  caissons  and  limbers  for  3-inch  rifle. 

2  6-pounder  carriages  without  limbers. 
2  12-pounder  carriages  and  limbers. 

5  4.5-ineh  siege  carriages  and  limbers. 

2  8-inch  siege  howitzer  carriages  and  limbers. 

1  15-inch  top  carriage. 

2  24-pounder  mortar  beds. 

1  8-lnch  siege  mortar  bed. 

3  10-inch  siege  mortar  beds. 
19  Laidley  cavalry  forges. 

2  portable  cavalry  forges. 

1  traveling  forge  A  and  limber. 
1  limber  for  traveling  forge. 
1  battery  wagon  C  and  limber. 
1  mortar  wagon  and  limber. 

Class  III. 

4  elevating  arcs  and  braces,  barbette. 
28  harness  bags. 


[  2  fuse  reamers. 

L  7  fuse  saws. 
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6  elevating  bars. 
4  pinch  bars. 
4  shot-carrying  bars. 
14  baskets  for  mortar  implements. 

4  pass  boxes. 

2  wooden  forge  buckets. 

5  iron  sponge  buckets. 

4  wooden  sponge  buckets. 

4  iron  tar  buckets. 
o2  gutta-percha  water  buckets. 

4  leather  water  buckets. 

2  papier- mach^  water  buckets. 

4  iron  wheel  chocks,  left. 

4  iron  wheel  chocks,  right. 
10  powder  funnels. 

10  gunners'  gimlets,  field. 
2  fuse  gouges, 

33  maneuvering  handspikes,  wood. 

1  handspike  for  mountain  howitzer. 
20  shod  handspikes. 

27  trail  handspikes. 

2  sets  harness,  2  horses,  for  Gatling  cart. 

2  sets  harness,  1  horse  for  Hotchkiss  mountain  gun. 

34  sets  haniess,  2  horses,  for  Laidley  cavalry  forge. 
2  sets  harness  for  2  wheel-horses. 

12  gunners'  haversacks. 

2  pendulum  hausses,  6  pounder. 
4  pendulum  hausses,  12-pounder. 

14  pendulum  hausses,  3-inch. 

3  shell  hooks. 
6  tow  hooks. 

4  indices  and  pointers. 
2  ladles  and  staves. 

4  common  lanterns. 
6  dark  lanterns. 
34  globe  lanterns. 
2  magazine  lanterns. 
123  lanyards  for  friction  primers. 

11  fuse  mallets. 

2  powder  measures. 

6  paolins,  5  by  5  feet. 
14  paulins,  6  by  10  feet. 

6  panlins,  8  by  10  feet. 
75  paulins,  12  by  15  feet. 

2  paulins,  20  by  30  feet. 
9  gunners'  pincers. 

4  plummets. 

3  gunners'  pouches. 

8  peirdulum  hausse  pouches. 

12  sight  pouches. 

4  tube  pouches. 
25  prolonges. 

1  gunnels  quadrant,  brass'. 
8  rammers  and  staves,  4.5-inch. 
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4  fuse  setters. 

5  scrapers  for  mortar. 

6  breech  sights,  4.5-inch.    - 
6  front  sights,  4.5-inch. 

8  Quinan  front  sights,  with  seats  and  beds. 
8  Quinan  rear  sights  and  seats. 
42  ganners'  sleeves. 

3  spatulas. 

12  cannon  spikes. 

4  sponge  covers,  6-pounder. 
36  sponge  covers,  3  inch. 

4  sponge  covers,  12-pounder. 

2  sponge  covers,  mountain  howitzer. 
12  sponge  covers,  30-ponnder8. 

2  sponges  and  rammers,  6-pounder. 
58  sponges  and  rammers,  34noh. 
55  sponges  and  rammers,  12-pounder. 
18  sponges  and  rammers,  mountain  howitzer. 

1  sponge  and  rammer,  15-inch. 
8  sponges  and  staves,  4.5-inch. 

2  telescopes  for  Hotchkiss  revolving  gun. 
53  thumbstalls. 

1  tompion,  C-pounder. 
10  tompious,  3-inch. 

3  tompious,  4.5-inch. 

3  tompions,  12-pounder. 

2  tompions,  24-pounder  mortar. 
16  tompions,  8-inch  gun. 

1  tompion,  8inch  mortar. 

5  tompions,  lO-inch  gun. 

1  tompion,  10-inch  mortar. 
8  tompions,  15-inch. 

31  vent  covers. 
35  vent  pieces. 
10  vent  punches. 

4  wipers  for  mortar. 
20  priming  wires,  field. 
12  priming  wires,  siege. 

23  worms  and  staves,  field. 

4  worms  and  staves,  siege. 

4  fuse  wrenches. 
12  ftise  plug  wrenches. 

Implements  for  long-barrel  Oatling  gtnyCaUler  .45. 

198  feed  cases. 
4  clamps  for  worm  gear. 
4  gun  covers. 

3  drifts. 

4  shell  drivers. 

4  headless  shell  extractors. 

2  wiping-rod  handles. 
8  trail  handspikes. 

4  oscillators. 

4  brass  wiping  rods. 

4  lock  screw  drivers. 
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4  small  screw  drivers. 
4  T  screw  drivers. 
4  adjusting  screw  wrenchea. 
4  pin  wrenches. 

4  rear  guide  nut  wrenches. 

Implements  for  short-barrel  Oatling  gun^  caliber  .45. 

212  feed  cases. 

5  gun  covers. 
2  shell  drivers. 

2  brass  wiping  rods. 
2  lock  screw  drivers. 
2  small  screw  drivers. 
2  T  screw  drivers. 

2  rear  guide  nut  wrenches. 

3  gun  covers,  Gatling  gun,  caliber  .50. 
10  gun  covers,  Gatling  gun,  caliber  1-incb. 

1  gun  cover,  Hotchkiss  revolving  gun,  caliber  1.5-inch. 

Implements  for  Lotcell  battery  gun. 

20  ammunition  boxes. 

4  oil  cans. 

2  headless  shell  extractors. 
8  handspikes. 

4  locks. 
'  4  firing  pins. 
2  wiping  rods. 

2  T  screw  drivers. 

4  firing-pin  springs. 
4  main  springs. 

4  giind  tools. 

8  bronze  feed  tubes. 
1, 000  tin  feed  tubes. 

Implements  for  Gardner  machine  gun. 

» 

810  feed  cases. 

3  breech  casing  covers. 
18  drifts. 

3  shell  drivers. 

1  extractor 

2  headless  shell  extractors. 

3  feed  guides. 
3  hammers. 

5  trail  handspikes. 

1  firing  pin. 

3  wiping  rods. 

3  T  screw  drivers.  ^ 

2  firing-pin  springs. 

3  lock  wrenches. 

Classes  IV  and  V. 


> 

1, 125  1.5-inch  Hotchkiss  projectiles. 
1, 400  1.65-inch  Hotchkiss  projectiles. 
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212  3-inch  shot. 
816  Sinch  shell. 
347  3-irich  case. 
130  3-inch  canister. 
48  12pounder  gun  shot. 
296  12-ponnder  gun  shell. 
296  12-pounder  gun  case. 
296  12-pounder  gun  canister. 
234  12-pounder  howitzer  shell. 
108  12-pounder  howitzer  case. 
216  12-pounder  howitzer  canister. 

30  24-pounder  shell. 
150  30- pounder  shot. 
184  4.5-inch  shot. . 
334  4.5-inch  shell. 

50  4.5-inch  shrapnel. 
220  8.inch  shot. 

10  8-inch  shell. 
120  8-ineh  mortar  shell. 

10  10-inch  shell. 
120  10-inch  mortar  shell. 

Class  VI. 

490  Hotchkiss  magazine  carbines,  caliber  .45. 
1, 505  Springfield  carbines. 

1,  708  Springfield  rifles. 

124  Springfield  rifles,  long  range. 
900  Springfield  rifles  with  rod  bayonets. 
•  938  Colt's  revolvers. 

6  Colt's  revolvers,  caliber  .44. 
210  Schofield's  Smith  &  Wesson  revolvers. 

9  double-barrel  breech-loading  shot  guns. 

19  artillery  sabers. 
362  cavalry  sabers. 

20  artillery  swords. 

50  musician's  swords.  9 

64  non-commissioned  officer's  swords. 
6  officer's  swords. 

31  trowel  bayonets. 

900  hunting  knives. 

Class  VII. 

32  artillery  saber  belts. 

32  artillery  saber-belt  plates. 

344  carbine  cartridge  pouches. 
2, 325  carbine  slings. 
2, 066  carbine  sling  swivels. 

117  pistol  cartridge  pouches. 
3, 556  pistol  holsters. 

901  cavalry  saber  belts. 

907  cavalry  saber  belt  plates. 
386  cavalry  saber  knots. 

2,  795  blanket  bags. 

6, 055  clothing  bags  and  straps. 
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4,  TOO^ounds  mammoth  powder. 
1, 205.pound8  mealed  powder. 
22, 045^poands  mortar  powder. 
12,  771);pouiid8  musket  powder. 
73^pound8  sporting  powder. 
3,  OOO^electric  primers. 
110, 375**frictioii  primers. 

2  grommet  wads. 

Class  IX. 

7  fenciug  bayonets. 

3  double  blocks* 
18  half  blocks. 
17  quarter  blocks. 

1  single  block. 

2  snatch  btocks. 

2  tackle  blocks. 
5  treble  blocks. 

26  whole  blocks. 
^  232  wood  blocks. 
120  wood  blocks,  8  by  10  inches. 

39  shot  beds. 
454  marksmen's  buttons. 

1  capstan  and  bar. 

5  hand  carts. 

3  sling  carts. 

8  sling  chains. 

2  trunnion  chains. 
25  roller  chocks. 
48  wheel  chocks. 

1  cradle  for  moving  heavy  gun. 
601  bulFs  eyes  and  centers. 

2  gin  falls. 

2  Weldon  range  finders. 
14  danger  flags. 

2  field  and  siege  gins. 

3  garrison  gins. 
14  gin  handspikes. 

6  hydraulic  jacks. 
1  lifting  jack. 

1  Laidley  gun  hft. 

11  shot  marks. 

130  4-inch  shot  marks. 
137  6-inch  shot  marks. 
29  12-inch  shot  marks. 

4  fencing  muskets,  cadet. 
2, 400j  000  pasters  for  targets. 

i2  shifting  planks. 
6  platforms,  siege  carriage. 
10  platforms,  mortar. 
89  portable  arm  racks. 
32  long  rollers. 
14  short  rollers. 

12  trace  ropes. 

1  shears,  complete,  for  hoisting  15-inch  gun. 
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28  skids. 
10, 200  paper  targets. 
1, 166  paper  targets,  reduced  size. 
11, 812  pajier  targets,  A. 
10, 391  paper  targets,  B. 
3, 614  paper  targets,  C. 

60  Laidley  revolving  targets. 
44  intrenching  tools. 
69  transoms. 
2  store  trucks. 

1  Laidley  sling  Avagon. 

Class  X-I. 

2  extraetors  for  Gardner  machine  gun. 
2  firing  pins  for  Gardner  machine  gun. 

4  firing-pin  springs  for  Gardner  machine  gun. 

4  locks  for  Lowell  battery  gun. 

2  firing  pins  for  Lowell  battery  gun. 

2  firing-pin  springs  for  Lowell  battery  gun. 

Class  X-II. 

4  nave  bands. 
2  tire  bands. 
2  splinter  bars. 
20  tire  bolts. 

2  turn  buckles. 

20  ammunition  chests. 

1  caisson  limber  chest. 

3  Hagadon  limber  chests  for  3-inch  rifle. 
44  fellies.  , 
13  stay-pin  keys  and  chains. 

2  pounds  nails. 

1  bronze  nave  for  Laidley  cavalry  forge. 
1  nut. 

3  linchpins. 
8  stay  pins. 

1  wind  pipe  for  cavalry  forge. 
13  poles. 

1  pole  prop. 

2  shafts  for  Hotchkiss  mountain  carriage. 
60  spokes. 

6  stakes  for  mortar  wagon. 

1  battery- wagon  stock. 

1  singletree  with  hooks. 
44  washers  and  nuts. 
16  linch  washers. 
13  wheels,  complete. 

1  wheel  for  Laidley  cavalry  forge. 

3  pole  yokes. 


Class  X-III. 


12  artillery  bridles. 
3  collars. 
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50  baiters. 

1  hames. 

26  rammer  heads,  Sinch. 

3  rammer  heads,  6-poander. 

2  rammer  heads,  12-pounder. 

10  rammer  heads,  12-poander  mountain  howitzer. 
16  sponge  head^,  3-inch. 

2  sponge  heads,  12-pouuder. 
137  cold  shut  links. 

o52  bridle  ornaments. 

10  pole  pads. 

90  rosettes  for  artillery  bridles. 

12  woolen  sponges. 
131  woolen  sponges,  3-inch. 

33  woolen  sponges,  6-pounder. 

83  woolen  sponges,  12-pounder. 
16  woolen  sponges,  4.5-inch  gun. 

44  woolen  sponges,  mountain  howitzer. 
20  woolen  sponges,  8-inch. 
32  woolen  sponges/  10-inch. 
12  woolen  sponges,  42-pounder. 
22  staves  for  sponges  and  rammers. 
200  halter  hitching  straps. 
24  hame  straps. 

14  pole  straps. 

4  lead  traces. 
1  wheel  trace. 

3  valises. 

84  whips. 

Class  X-IV  and  V. 

500  water  caps  for  fuse  plugs. 
700  metallic  fuse  plugs. 
430  sabots,  15-inch  shell: 
340  tin  straps,  15-inch  shell. 

Class  X-VI. 
Parts  of  Springfield  rifl^. 

6  lower  bands. 
112  upper  bands. 
107  band  springs. 

1  barrel.         / 
601  bayonets. 
37  bayonet  clasps. 
46  bayonet  clasp  screws. 
3  breech  blocks. 

15  breech  block  caps. 

268  breech  block  cap  screws. 

5  breech  screws. 
258  bridles. 

272  bridle  screws. 
128  butt  plate  screws. 
35  cam  latches. 
369  cam  latch  springs. 

3  ORD 
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782  ejector  springs. 

714  ejector  spring  spindles. 

9  ejector  studs. 
379  extractors. 
1^  122  firing  pins. 
269  firing  pin  screws. 

51  fipont  sights. 
204  grips. 

60  gaard  bows. 

20  guard  bow  nuts. 
101  guard  bow  swivels. 

33  guard  bow  swivel  screws.     , 
101  guard  plates. 
128  guard  screws. 

18  banimers. 

'  12  hinge  pins. 

9  locks. 

2  lock  x^lates. 
154  main  springs. 

46  main  spring  swivels. 

30  main  spring  swivel  rivets. 

19  ramro<ls. 
106  ramrod  stops. 

as  rear  sights. 

114  rear  sight  buckhorn  plates. 
10  rear  sight  bases. 

10  rear  sight  base  screws. 
5  rear  sight  base  springs. 

15  rear  sight  leaves. 
7,  770  rear  sight  slide  gibs. 
130  rear  sight  slide  plates. 
908  rear  sigiit  slide  screws. 
100  fear  sight  centering  pins. 

5  rear  sight  joint  pins. 
114  rear  sight  slide  blocks. 
26  rear  sight  slide  springs. 
141  sears. 
326  sear  screws. 
170  sear  si>rings. 

20  sear  spring  screws. 
177  side  screws. 

100  side  screw  washers. 
130  stocks,  complete. 
•    30  stocks,  wood  i)art. 

47  tang  screws. 
11.1  thumb  pieces. 
100  tip  screws. 
101)  tips  for  stacks. 

12  trigger  screws. 

50  tumblers. 
181  tumblers,  swiveled. 
324  tumbler  screws. 

Partft  of  l^prhuijield  carbine. 

11  bands. 

100  stacking  hands. 
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302  barrels. 

81  breech  block  cap  screws. 
10  breech  screws. 
9  bridles. 
16  bridle  screws. 
100  butt  plates. 
200  butt  plate  covers. 
ItM)  butt  plate  screws. 

6  cam  latches. 
117  cam  latch  springs. 
1(K)  cover  friction  springs. 
100  cover  springs. 
100  cover  stud  pins.  , 

206  ejector  springs. 
135  ejector  spring  spindles. 
10  ejector  studs. 
61  extractors. 
216  tiring  pins. 
123  tiring  pin  screws. 
488  pistol  grips. 
579  front  sights. 
617  front  sight  pins. 
59  guard  Ik)ws. 
22  guard  bow  nuts. 
9  guard  plates. 
37  guard  screws. 
(>  hammers. 
61  lunge  pins. 
3  lock  plates. 
110  main  si)riugs. 
6  main  spring  swivels. 
10  main  spring  swivel  rivets. 
76  sears. 
35  sear  screws. 
138  sear  springs. 
12  sear  spring  screws. 
40  siile  screws. 
66  rear  sights,  complete. 
1,222  jointed  ramrods. 

6  rear  sight  base  screws. 
12  rear  sight  base  springs. 
6  rear  sight  leaves. 
6  rear  sight  leaf  slides. 
45  stocks,  com])lete. 
l(i;i  stocks,  wood  part. 
106  swivel  bars. 
6  swivel  bar  rings. 
12  tang  screws. 
5  triggers. 
10  trigger  screws. 
122  tumblers. 
116  tumbler  screws. 

Parts  of  UotchliifS  carbine  and  rifle, 

120  extractors. 
5  cut-offs. 
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40  firiug  pins. 
100  cartridge  stop  pins. 
120  trigger  pins. 
410  jointed  ramrods. 
120  firing  pin  screws. 

20  sear  spring  screws. 
100  trigger  spring  screws. 
100  bolt  lock  springs. 
100  cnt-off  springs. 

40  magazine  springs. 
120  mainsprings. 

20  sear  springs. 

40  trigger  springs. 

2  stocks,  wood  part;  carbine. 
20  cartridge  stops.  . 

20  triggers. 

Parts  of  CoWs  revolver, 

143  back  strap  screws. 

18  bolts. 

26  bolt  screws. 
172  center  pins.  / 

4  center  pin  busliings. 

72  center  pin  catch  screws. 

26  center  pin  screws. 

49  ejector  heads. 
56  ejector  rods. 

105  ejector  springs. 

29  ejector  tubes. 

96  ejector  tube  screws. 

48  ejector  tube  springs. 

52  tiring  ])ins. 

52  firing  pin  rivets. 

18  gate  catches. 

82  gate  catcli  screws. 

30  gate  catch  springs. 
52  gate  springs. 

92  guard  screws,  long. 
88  guard  screws,  short. 
71  hammers. 
8  hammer  cams. 
76  hammer  screws. 
40  hands. 
06  hand  springs. 
100  mainsprings. 
42  mainspring  screws. 
12  mainspring  swivels. 

3  recoil  plates. 

1 1  sear  springs. 

12  sear  spring  screws. 

24  sear  and  stop  bolt  screws. 
78  sear  and  stop  bolt  springs. 
66  sear  and  stop  bolt  spring  screws. 
6  stocks. 

50  stop  bolt  screws. 
70  triggers. 

60  trigger  screws. 
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Parts  of  ScJiofielcPs  Smith  and  Wesson  revolver. 

10  barrel  catch  screws. 

11  barrel  catch  springs. 
2  base  pins. 

14  cylinder  catch  cams. 

8  cylinder  catch  screws. 
10  extractors. 

9  extractor  springs. 
8  extractor  stems. 

8  hand  springs. 

1  lifter. 

8  mainsprings. 

8  pawl  springs. 
10  stop  pins. 
10  stop  springs. 
19  stocks. 

14  strain  screws. 

15  triggers. 

8  trigger  springs. 
6  trigger  spring  pins. 

Parts  of  breech-loading  double  barrel  shotgun, 

6  bridles. 

12  bridle  screws. 
6  cones. 

6  guard  screws,  front. 
6  guard  screws,  rear. 

2  locks,  complete. 
4  hammers. 

6  lifter  springs. 

6  mainsprings. 

6  mainspring  swivels. 

6  plungers. 

6  sears. 

8  sear  springs. 

6  sear  spring  screws. 

6  side  screws. 

3  stock  butts. 

4  triggers. 
6  tumblers. 

6  tumbler  screws. 

6  trips. 

6  trip  springs. 

6  nickel-plated  scabbards,  officers'  swords. 

4  steel  scabbards,  musicians'  swords. 

CLASS  X— vir. 

197  saber  belt  attachments. 
35  girth  billets. 
15  curb  bits. 
8  watering  bits. 
],212  halter  bolts. 
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24, 173  brass  bar  buckles. 
417  brass-plated  buckles. 
8, 004  brass  wire  buckles. 
7, 769  iron  bar  buckles. 
14, 109  iron  roller  buckles. 
3, 000  brass  canteen  chains. 
1,247  canteen  corks  and  chains. 
80  curb  chains. 
365  halter  chains. 
668  canteen  covers. 
1, 000  brass  D's  for  cartridge  belts. 
2, 146  side  line  fasteners. 
150  bayonet  scabbard  frogs,  hook  attachment. 
60  bridle  headstalls. 
519  halter  heads. 

224  brass  snap  hooks  for  saber  belts. 
1,000  double  hooks,  brass  wire. 
100  double  S  hooks. 

49  double  spring  hooks  for  lariats. 
200  halter  rope  hooks. 

206  sweat  leathers. 
2, 050  curb  strap  loops. 
1,756  ovals. 

932  brass  rings. 
1, 374  D  rings. 
1, 342  halter  rings. 
1,852  iron  rings. 
1, 000  swivel  rings  for  halters. 

50  curb  chain  safes. 
10  shields. 

4, 436  snaps  for  lariats. 

145  snaps  for  links. 

622  snaps  for  side  lines. 
27  spring  snaps,  tinned. 

716  halter  squares. 
1, 308  brass  foot  staples. 
2, 834  brass  staples  for  rings. 
2,730  stirrups. 

3  stirrups  with  guidon  sockets. 
5, 247  canteen  straps. 

100  cincha  stra])s. 
2, 452  clothing  bag  straps. 
2, 365  clothing  bag  straps,  web. 

728  coat  straps. 
1, 311  curb  straps. 
6, 193  halter  straps. 
1, 489  halter  hitching  straps. 

604  haversack  straps. 

388  hook  straps. 
2, 614  stirrup  straps. 

24  yards  webbing,  3^  inches  wide. 
*     84  yards  linen  webbing,  4  inches  wide. 
1, 320  yards  girth  webbing,  4 J  inches  wide. 
60  yards  linen  webbing,  7i  inches  wide. 
24  yards  woolen  webbing." 
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Class  X-VIIL 

2, 400  cartridge  bags,  ^-poand  charge. 

500  cartL'idge  bags,  2-poand8  charge. 
2, 250  cartridge  bags,  6-pounder  gun. 

8, 150  cartridge  bags,  3-inch  gun.  r 

4, 173  cartridge  bags,  12-pounder  gun. 

400  cartridge  bags,  12-pounder  field  howitzer. 
6, 745  cartridge  bags,  mountain  howitzer. 

800  cartridge  bags,  24-pounder  howitzer. 

200  cartridge  bags,  42-pounder, 
1, 050  cartridge  bags,  4^-inch  gun. 

200  cartridge  bags,  8-inch  converted  rifle. 

500  cartridge  bags,  8-inch  Eodman  gun. 

898  cartridge  bags,  10-inch  gun. 

Class  X-IX. 

1  clevis  bolt  for  garrison  gin. 

1  key-pin  bolt  for  garrison  gin. 
4(>  target  frames. 

3  handles  for  Laidley  targets. 

2  sets  irons  for  2  sheave  snatch  blocks. 
2  sets  irons  for  4  sheave  blocks,  lower. 
2  sets  irons  for  4  sheave  blocks,  upper. 

4;^  cross  pieces. 
36  upright  pieces. 

4  capstan  pins. 
18  brass  sheaves. 

2  capstan  windlasses. 

PAJIT    SECOND. 

Material^  toolSy  dw. 

100  yards  burlaps. 
2, 490  yards  cotton  cloth. 

lOJ  pounds  flax  cord. 

30  x>ounds  rocket  cord. 
124  pounds  sash  cord. 
135  pounds  waste  cotton. 

44  yanls  cotton  duck. 

17  x>ounds  lampwick. 
37^  l>ounds  marline. 

18  yards  cartridge-bag  material. 
248*§  yards  muslin. 

20  pounds  oakum. 
900  feet  rope, 
2, 906  pounds  rope. 

194  pounds  assorted  thread. 

85J  pounds  linen  thread. 

54  pounds  saddlers'  thread. 
525  pounds  shoe  thread. 
315  pounds  tow. 
132  pounds  twine. 
7i  pounds  woolen  yarn. 
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2  hose  bauds  and  attachments. 
6  iron  bolts. 
20  papers  iron  brads. 
4  feet  iron  chain. 
300  gas  checks. 

6  hose  couplings. 
800  pressure  discs. 
4  brass  faucets. 
36  pairs  brass  butt  hinges. 
12  copper  hoops  for  powder  barrel. 
415  pounds  bar  iron. 
1  pound  copper  nails. 
1^  280  pounds  horseshoe  nails. 
2 J  625  pounds  iron  nails. 
60  saddle  nails,  japanned. 
120  saddle  nails. 

1  hose  nozzle. 
117  padlocks. 

2  escutcheon  pins. 

152  gross  escutcheon  pins. 
1  pound  escutcheon  i)ins. 

10  sliding  pulleys. 

1  cooking  range. 

3  gross  brass  rivets. 

32  pounds  copper  rivets. 
235  pounds  assorted  rivets  and  burrs. 
154  pounds  brass  rivets  and  burrs. 
1, 091  pounds  copper  rivets  and  burrs. 
SS  pounds  iron  rivet,s  and  burrs. 
211  gross  brass  screws. 
26  gross  iron  screws. 
9,200  horseshoes. 
400  pounds  horseshoes. 
100  pounds  spikes. 
191  pounds  bar  steel. 
2, 000  copper  tacks. 
104  papers  copper  tacks. 
26  pounds  copper  tacks. 
975, 000  iron  tacks. 

692  papers  iron  tacks. 
30J  pounds  iron  tacks. 
727  sides  bridle  leather. 
24,  739  pounds  harness  leather. 

2  calf  skins. 

SG  chamois  skins. 

3  sheep  skins. 
11, 604  feet  boards. 

1, 118  feet  plank. 
15, 864  feet  scantling. 
720  feet  timber. 
100  pounds  boracic  acid. 
42^  gallons  alcohol. 

153  pounds  gum  arabic. 
2  gross  elastic  bands. 

100  pounds  nitrate  baryta. 
433  quarts  leather  blacking. 
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36  instnictiou  books. 

43  batk  bricks. 

14  ounces  bristles. 
40  pounds  camphor. 

19  pounds  candles. 

100  pounds  pulverized  charcoal. 

48J  quires  crocus  cloth, 
1, 387  quires  emery  cloth. 
Sj  Oil  pounds  coal. 

50  pounds  ammoniated  sulphate  of  copper. 

44  gallons  Japan  drier. 

4  pounds  patent  drier. 
75  pounds  emery. 

1,000  envelopes. 
10  pounds  flour. 
1  barrel  rye  flour. 
100  pounds  glue. 
820  pounds  wheel  grease. 
3  pounds  sulphate  of  iron. 

5  boxes  ingredients  for  blacking. 
3  bottles  black  ink. 

115  gallons  lacquer. 
54  papers  lampblack. 

15  pounds  lampblack. 
790  pounds  red  lead. 

1^365  pounds  white  lead. 

17  pounds  extract  of  logwood. 
876  pounds  lubricant. 
35  boxes  cleaning  material. 
39^  pounds  polishing  material. 
142|  iK)unds  scouring  material. 
800  pounds  refined  niter. 

6  pounds  yellow  ocher. 

6^  gallons  anti-corrosive  lubricating  oil. 
103  quarts  cosmoline  oil. 
5, 464  pounds  harness  oil. 
i  gallon  headlight  oil. 
284  gallons  kerosene  oil. 
13  gallons  lard  oil. 
762^  gallons  linseed  oil. 
160|  gallons  neat's-foot  oil. 

25  gallons  neutral  oil. 
751 J  gallons  sperm  oil. 
1, 433  pounds  black  paint. 
100  pounds  green  paint. 
720  pounds  lead-color  paint. 
1, 404  gallons  metallic  paint. 
3, 850  pounds  metallic  f>aint. 
3^  695  pounds  olive  paint. 
Ij  000  pounds  red  paint. 

10  quires  metallic  cartridge  paper. 
61  pounds  drawing  paper. 

20  quires  drawing  pax>er. 
60J  quires  emery  paper. 

1, 490  pounds  laboratory  paper. 
1  ream  letter  paper. 
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2  reams  note  paper. 
OIJ  quires  sand  paper. 
14-4  pounds  wrapping  paper. 
24  lead  pencils. 
2  gross  metallic  pens. 
2  rulers. 

2  pounds  leather  i)olisli. 
275  pounds  chlorate  of  potash. . 
290  pounds  putty. 
62  bars  castile  soap. 
2, 583  pounds  castile  soap. 
173  pounds  common  soap. 
10(»J  pounds  sponge. 
033  pounds  rotten  stone. 
200  pounds  nitrate  of  strontia. 
3(H)  pounds  flowers  of  sulphur. 
200  shipping  tags. 
31  pounds  tallow. 
208  gallons  coal  tar. 
or>S  i)apers  tripoli. 
723  gallons  turpentine. 
10  pounds  burnt  umber. 
20  gallons  varnish. 
141f  pounds  beeswax. 
458  pounds  black  wax. 
1, 010  pounds  Japan  wax. 

2  pounds  sealing  wax. 
•  22  gallons  whisky. 

105J  i>ounds  whiting. 
15  leather  aprons. 

4  augers. 

1, 023  awls,  assorted. 

1  brad  awl  and  handle. 
35  peg  awls  and  handles. 
71  saddler's  awls. 
31  seat  awls  and  handles. 

1  stub  awl  and  handle. 

0  assorted  axes. 
9  felling  axes. 

5  bags  for  tacks,  wax,  &c. 

3  tool  bags  for  saddlers'  and  smiths'  tools. 
40  metallic  powder  barrels. 

1, 287  wooden  i)owder  barrels. 
G  assorted  bits. 

1  extension  bit. 
26  bits  for  brace. 

2  saw  blades. 

31  lead  punching  blocks. 

1  dredging  box. 

G  boxes  for  forge  and  battery  wagon  stores. 
7  boxes  for  cleaning  material. 

2  shoeing  boxes. 

(J  boxes  for  sets  reloading  tools. 
7  assorted  braces. 
250  com  brooms. 
1  split  broom. 
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3  assorted  brushes. 

1  button  brush. 
'21  dusting  brushes. 
15  marking  brushes. 

30  brushes  tor  oiling  leather. 
294  paint  brushes. 
57  sash  brushes. 
39  wire  scratch  brushes. 

6  stencil  brushes. 

2  galvanized'iron  water  buckets. 

11  sheet-iron  water  buckets. 

1  wooden  water  bucket. 

S  buttresses. 

1  calipers. 
844  powder  canisters. 

4  oil  cans. 
4G  tin  cans. 

9  pricking  carriages.. 

4>  chamois  skin  sword  cases. 

4  channelers. 
48  powder  chargers. 
453  arm  chests. 

I  tool  chest. 
24  clamps. 

G  carpenters'  clamps. 
17  chisels. 
37  compasses. 
53  creasers. 

a  assorted  dies. 

4>  crimping  dies. 

7  reloading  dies. 

II  resizing  dies. 

9  drifts. 
1  drill. 

22  oil  dro])pers. 
4  extractors  and  recappers. 
t)  hook  extractors. 
20  primer  extractors. 
195  files. 

1  powder  tiask. 

2  forks. 
1  fuller. 

7  copper  funnels. 

3  assorted  gauges. 

10  draw  gauges. 
10  gimlets. 

3  gouges. 

1  grindstone. 

81  assorted  hammers. 

2  hand  hammers. 

3  riveting  hammers. 

8  saddlers'  hammers. 

1  shoeing  hammer. 

2  sledge  hammers. 
281  assorted  awl  handles. 

37  patent  awl  handles. 
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3  axe  handles. 
7  chisel  handles. 

7  file  handles. 

14  pickax  handles. 

3  hardies. 

11  hatchets. 

1  hoe. 

4  bill  hooks. 
10  extracter  hooks. 

8  reaping  hooks. 

8  saddlers'  horses.  I 
26  stitching  horses. 

100  feet  rubber  hose. 

2  plane  irons. 

6  riveting  irons. 

4  rounding  irons. 

5  jackscrews. 
80  powder  kegs. 

290  ajssorted  knives. 
2  drawing  knives.    '' 
2  gauge  knives. 

4  half  round  knives. 

5  head  knives. 

7  putty  knives. 
4  shoeing  knives. 

18  shoe  knives. 
13  splitting  knives. 
148  ladles. 
16  chalk  lines. 

9  spirit  levels. 

6  extractor  and  recapper  levers. 
40  assorted  mallets. 

2  mauls. 
4  tape  measures. 

4,925  needles. 

8  collar  needles. 
43  harness  needles. 
62  nippers. 

3  collar  palms. 

4  dusting  pans. 
6  carpenters'  pencils. 

12  pickaxes. 

8  pincers. 
Ill  primer  extractor  pins. 

9  planes. 
1  set  stencil  plates,  letters,  and  figures. 

16  pliers. 

1  plow. 
4  star  gauge  points. 

2  pokers.' 
1  glue  pot. 

1  saddlers'  tool  jwuch. 
4  pritchells. 

29  assorted  punches. 

15  hand  punches. 

3  nail  punches. 
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6  primer  puuches. 

19  reloading  punches. 

10  resizing  punches. 
26  saddlePs  punches. 
43  spring  punches. 

123  rasps. 
1  ratchet  for  cavaky  forge. 

1  star  gauge  ring. 

7  wiping  rods. 

2  combination  rules. 
26  rules. 

4  assorted  saws. 

1  cross-cut  saw. 

2  tenon  saws. 

1  counter  scales. 

22  scissors. 

2  box  scrapers. 

8  shell  scrapers. 

4  primer  extractor  screws. 
35  screwdrivers. 

1  scriber. 
7  scythes. 

25  burr  or  rivet  sets. 

2  saw  sets. 

7  primer  setters. 

23  shears. 

13  assorted  shovels. 

20  long-handled  shovels. 

1  sickle. 

4  sieves. 
22  slickers. 

38  magazine  slippers. 

5  scythe  snaths. 

6  safety  sockets. 
29  spades. 

2  spokeshaves. 

3  squares. 

1  straight  starter. 

1  button  stick. 

1  stock. 

.2  die  stocks  with  dies  and  taps,  complete. 

19  oil  stones. 

33  sandstones. 

4  scythe  stones. 

34  tin  strainers. 
6  taps. 

18  thimbles. 

19  ticklers. 

5  tongs. 

3  sets  bench  tools. 
37  claw  tools. 

32  edge  tools. 

11  sets  hand  tools. 

4  heading  tools. 
45  priming  tools. 

41  sets  cartridge  reloading  tools. 
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221  Kiisli  tools. 
4  wooden  tubs. 

1  forge  vise. 
7  band  vises. 

2  wedges. 

24  pricking  wheels. 
11  assorted  wrenches. 


APPENDIX  4. 


Apportionment  of  ordnance,  ordnance  stores,  tfc.y  for  the  fiscal  year  ending  June  IJO,  l?^81, 
under  sectionM  l(\6i  and  iGC7  Ihrised  Statutes  Inii 


in  conformity  theretcith. 


liied  mates,  and  regulations  estahUshed 


States  anil  Teiritorieti. 


Alabama 

Arkansajt . . . 
California... 
Colorado  ... 
Conuecticut . 
Delaware  ... 

Florida 

Ireorgia . 

Illinois 

iDdiana 

Iowa 

Kansaa 

Kentuckv . . 
Loaisiaua  . . 
Maine 


Maryland 

MasBachusi'tta 

Michigan 

Miuiieaota 

Mississippi 

Misfloun 


XebraHka 

Nevada 

Xevr  Hampiihiro 

Xew  Jeruey 

Xew  York 

Xorth  Carolina.. 
Ohio 


Oregon 

Penntsjlvania  . 
Rljude  Island.. 
S«>ath  Carolina 

Tenneaaee 

T«*xas 


Vermont 

Virjfiuia 

West  Virginia 

Wi.'iconsln 

Arizona  Territory* v 

I>akota  Territory* ••. 

Idaho  Territory ' 

Xew  Mexico  Territory*  .  -• v 

Montana  Territory* 

I'tah  Territorj  ' 

WaMhiii)rt4*n  Territory  * k 

Wy orain jt  Territory  '' 

l>i«trict  of  ( 'oliimbia" 


Total  . 

FreiahtH,  dte 


•   • 

'i&t 

^ 

.^^5 

tm 

,  t  flC-^ 

> 

'^eg 

>. 

E  ®  ? 

b 

A 

r^ 

10 

$4,7&7  85 

6 

2,  878  71 

6 

2.  878  71 

3 

1, 439  36 

6 

2,  878  71 

3 

1,439  36 

4 

1,  919  14 

n  . 

5, 277  64 

21 

10,  075  49 

15 

7.196  78 

11 ' 

5. 277  64 

fl 

2.  398  93 

12 

5,  757  42 

H 

3,838  28 

t 

3.  358  50 

H 

3, 838  28 

y.\ 

0,  237  21 

11 

5,  277  64 

5 

2,  398  93 

8 

3, 838  28 

15 

7, 196  78 

:) 

1,439  36 

3 

1.  439  36 

5 

2.396  93 

u 

4.  318  06 

35 

16,  792  48 

10 

4, 797  85 

•»•» 

10,  555  27 

3 

1. 439  36 

29 

13,  913  7C 

4 

1.  919  14 

t 

3.  358  50 

12 

5,  757  42 

s 

3.  838  28 

.1 

2.  308  93 

11 

5,277  64 

."l 

2,  398  03 

10 

4,  797  85 

3 

1, 439  36 

3 

1. 439  36 

3 

1,439  36 

3 

1.439  36 

3 

1, 439  36 

3 

1,  4.39  36 

3 

1, 430  36 

3 

1,  439  36 

3 

1,439  30 

300 

1H9,995  00 

10,005  00 

200,  000  00 

ApiHirtiouoKUt  acconliugto  the  tirst  paragraph  of  tlie  I*r»*suiiiil'8  r»«;iijl.itioii  of  A]uil  30,  1H55. 
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APPENDIX  5. 

Statement  of  ordnance^  ordnance  stores  j  rfro.,  distributed  to  the  militia  from 
July  1, 1880,  to  June  30, 1881,  under  sections  1661  and  1067  Revised 
Statutes  United  States. 

Class  I. 

2  10-pounder  rifled  giins,  caliber  2.9. 
1  12-pounder  field  howitzer. 
4  6-poiinder  bronze  gone. 

1  3-incli  wrougbt-iron  rifled  gun,  model  1861. 

2  Gatling  guna,  10  barrels,  long,  caliber  .45. 

4  Gatling  gnus,  caliber  .50,  model  1880. 

Class  II. 

2  carriages  for  10-pounder  guns. 

5  carriages  and  limbers  for  6-pounder  guns. 

1  carriage  and  limber  for  3-inch  gun. 

2  carriages  and  limbers  for  Gatling  gunSj  caliber  .45. 

4  carriages  and  limbers  for  Gatling  guns,  caliber  .50. 
1  caisson  and  limber  for  3-inch  gun. 

1  limber  for  3-inch  gun. 

Class  III. 

416  feed  cases. 

2  fuse  wrenches. 
2  fuse  blocks. 

2  fnse  cutters. 
2  fuse  gouges. 

19  gunners'  haversacks. 

5  gunners'  gimlets. 
4  gunners'  pincers. 

17  handspikes,  trail. 

20  lanyaKls  for  friction  primers. 

15  priming  wires. 
9  prolonges. 

16  tube  pouches. 
36  thumbstalls. 

6  tow  hooks. 
11  tompions. 

11  paulins,  12  by  15  feet. 

12  velit  covers. 

2  pendulum  hausses. 

4  pendulum  hausse-pouches. 
1  pendulum  hausse-seat. 

34  sets  of  artillery'  harness,  2  horses,  wheel. 
28  sets  of  artillery  harness,  2  horses,  lead. 

5  sponge  buckets,  iron. 

48 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  49 

16  sponges  and  rammers,  12-poander  gun. 

2  sponges  and  rammers,  12-pounder  howitzer. 
26  sponges  and  rammers,  10-pounder  gun. 

14  sponges  and  rammers,  6-pounder  gun. 
14  sponges  and  rammers,  3-inch  gun. 

6  sponge  covers,  12-pounder  gun. 

4  sponge  covers,  10-pounder  gun. 
14  sponge  covers,  6-x)ounder  gun. 
12  sponge  covers,  3-inch  gun. 

6  worms  and  staves,  field  gun. 

3  worms  and  staves,  3-inch  gun. 
2  staves,  3-inch  gun. 

1  Gatling  gun  cover. 

Class  Y. 

m 

12  12-pounder  shells,  strapped. 

12  12-pounder  canister,  filled. 

12  12-pounder  grape,  stands. 

50  6-pounder  shot,  strapped. 

50  6-ponnder  spherical  case  shot,  strapped. 

16  3-inch  Absterdam  case  shot. 

Class  YI. 

muzzle-loading. 

160  Springfield  rifle  muskets,  caliber  .68. 

BREECH-LOADING. 

5, 285  Springfield  rifles,  caliber  .45. 
230  Springfield  rifles,  cadet,  caliber  .45. 

81  Springfield  carbines,  caliber  .45. 
117  Colt's  revolvers,  caliber  .45. 
301  Schotield's  Smith  &  Wesson  revolvers,  caliber  .45. 

40  officers*  swords. 

125  non-commissioned  officers'  swords. 
100  light  cavalry  sabers. 

57  artillery  sabers. 

10  bayonets  for  caliber  .50. 

IM>  bayonets  for  caliber  .45. 

97  Springfield  rifles,  caliber  .50. 

Class  YII. 

« 

1, 000  knapsacks  and  straps. 
6, 021  waist  belts  and  plates. 
6, 491  cartridge  boxes. 
5, 931  steel  bayonet  scabl)ard8. 

120  non-commissioned  officers'  waist  belts  and  plates. 
20  non  commissioned  officers'  sword  frogs. 

371  saber  belts  and  plates. 

230  carbine  slings. 

230  carbine  sling  swivels. 
60  carbine  cartridge  pouches. 
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3, 300  gun  slings. 
300  canteens  and  straps. 

180  waist  belts. 

1;  900  waist  belt  plates. 
23  pistol  holsters. 
22  curb  bridles. 
2  artillery  bridles. 
22  cavalry  saddles. 

181  saddle  blankets. 

2  artillery  drivers'  saddles. 
34  whips. 

Class  VIII. 

50  blank  cartridges  for  12-pounder  howitzer. 
540  blank  cartridges  for  10-pounder  gun. 
895  blank  cartridges  for  3-inch  gun.  . 
25, 000  musket  blank  cartridges,  caliber  .58. 
1, 000  musket,  elongated  ball  cartridges,  caliber  .58. 
34, 000  rifle  blank  cartridge,  caliber  .50. 
24, 000  rifle  blank  cartridges,  caliber  .45. 
597, 000  rifle  ball  cartridges,  caliber  .50. 
140, 000  rifle  ball  cartridges,  caliber  .45. 
2, 000  carbine  blank  cartridges. 

600  carbine  ball  cartridges. 
1, 350  revolver  ball  cartridges. 
6, 000  round  balls. 
2, 000  percussion  caps. 
3, 000  pounds  mortar  powder. 
25  pounds  musket  powder. 
15, 680  friction  primers. 

16  time  fuses,  paper. 
15, 000  cartridge  primers. 

600  reloading  cartridge  shells. 
1, 000  carbine  cartridges,  metallic,  caliber  .50. 

Class  X. 

16  time  fuse  plugs. 

1  pole. 
25  ])ole  pads. 
29  pairs  pole  straps. 

1  ammunition  chest  for  3-iDch  gun. 

Spare  parts  for  Springfield  rifle,  caliber  .50. 

151  stocks. 

500  ejector  spring  spindles. 
25  hinge  pius. 
157  rear  sights. 

50  .rear  sight  leaves. 

25  rear  sight  leaf  springs. 

51  locks. 
100  tumblers. 

50  tumbler  screws.' 
50  bridles. 
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60  bridle  screws. 
50  sears. 
50  sear  screws. 
27  upper  bands. 
25  upper  band  screws. 
25  lower  bands. 
10  breech  blocks. 
50  bayonet  clasps. 
100  bayonet  clasp  screws. 

1  guard  bow  swivel. 

2  ramrods. 

6  firing  pins. 

Spare  parts  for  Springfield  rifle,  caliber  .  45. 

20  ejector  studs. 
200  ejector  spring  spindles. 
202  rear  sights. 

20  breech  blocks. 
140  breech  block  caps. 

20  breech  block  cap  screws. 

40  cam  latches. 

25  front  Hights. 

12  hammers. 

40  thumb-pieces. 

2  sears. 
200  ramrod  stops. 

20  firing  pins. 
6  side  screws. 
1  spare  wheel. 

Miscellaneous. 

1  set  hand  reloading  tools. 

1  pouring  ladle,  2^  inches. 

1  melting  ladle,  7  inches. 

1  tin  strainer. 

1  bullet  mold  (4  balls). 

1  ailjustable  charger. 
25  pounds  bullet  lubricant. 
5, 000  pasters,  white. 
1, 000  pasters,  black. 
100  paper  targets. 

5  arm  chests. 

1  armorer's  tool  chest. 

2  axes. 
1  anvil. 

1  brace  and  screwdriver. 

6  cold  chisels. 

7  files,  assorted. 
6  file  handles. 

2  gouges. 

2  hammers. 
2  pickaxes. 
12  padlocks. 
1  pair  vise  clamps. 
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1  pair  plyers. 
4  punclies. 

2  pairs  tongs. 

1  hand  screw-driver. 
1  drill  stock. 
1  hand  vise. 

1  bench  vise. 

2  wrenches,  various. 
2  wiping  rods. 

2  long-handle  shovels. 


APPENDIX  6. 

Statement  of  ordnance^  ordnance  stores^  dtc^  distribtited  to  colleges  and 
'    universitieSj  from  July  1,  1880,  to  June  30,  1881,  under  section  1225 

Revised  Statutes  United  States^  as  amended  by  act  approved  July  6. 

1876.  / 

Class  I. 

2  6-pounder  bronze  guns. 

4  3-inch  wroughtfron  rifled  guns,  model  1861. 

Class  II. 

2  carriages  and  limbers  for  6-pounder  guns. 
4  carriages  and  limbers  for  3-inch  guns. 

Class  III. 

6  gunners'  haversacks. 

6  handspikes,  trail. 
12  lanyards. 

6  priming  wires. 

6  tube  pouches. 
12  thumb-stalls. 

6  tompions. 

8  paulins,  12  by  16  feet. 

6  vent  covers. 

1  pendulum  hausse. 

1  pendulum  hausse  pouch. 

1  pendulum  hausse  seat. 

4  sponges  and  rammers  for  6-pounder  gun. 

8  sponges  and  rammers  for  3-inch  rifled  gun. 

4  sponge  covers  for  6-pounder  gun. 

8  sponge  covers  for  3-inch  rifled  gun. 

Class  VI. 

BREECH-LOADING. 

255  Springfleld  rifles,  cadet,  caliber  .50. 
50  artillery  sabers. 

Class  VII. 
396  waist  belts. 
565  waist  belt  plates. 
225  cartridge  boxes. 
50  saber  l^lts  and  plates. 
255  steel  bayonet  scabbards. 
139  leather  bayonet  scabbards. 
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Class  VIII. 

200  blank  cartridges  for  12-pounder  guD. 
900  blank  cartridges  for  6-pounder  gun. 

1, 200  blank  cartridges. for  3-inch  gun. 

6, 500  carbine  blank  cartridges,  caliber  .  50. 
11, 000  carbine  blank  cartridges,  caliber  .  45. 

7, 500  carbine  ball  cartridges,  caliber  .  50. 
12, 000  carbine  ball  cartridges,  caliber  .  45. 

2, 000  rifle  blank  cartridges. 

2, 000  rifle  ball  cartridges. 

6, 500  friction  primers. 


APPENDIX  7. 

Statement  of  ordnance  stores  issued  to  the  executive  departments  during 
the  year  ended  June  30, 1881,  under  the  provisions  of  the  act  of  March  3, 
1879.  '  J  J  1 

TO  THE  TEEASUEY  DEPABTMENT. 

3  Gatling  guns,  long  barrels. 
1  Gatling  gun,  short  barrel. 
1  tripod  for  Gatling  gun. 
300  feed  cases  for  Gatling  guns. 
1,  />00  Ketcham's  hand  grenades. 
125  Springfield  carbines. 
100  Colt's  revolvers. 
6  carbine  slings  and  swivels. 
6  cartridge  boxes. 
106  waist  belts  and  plates. 
300  pistol  cartridge  pouches. 
100  pistol  holsters. 
13, 300  carbine  ball  cartridges. 
1, 000  rifle  ball  cartridges. 
1, 200  revolver  ball  cartridges. 
1  box  of  cleaning  materials. 
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APPENDIX  8. 

BEPORT  OF  ACTION  TAKEN  UNDER  THE  ACT  OF  MARCH  3,  1881,  DURING 

FISCAL  YEAR  ENDING  JUNE  30,  1881. 


SOLD. 

March  8, 1881.— To  I.  D.  Goodwin: 
22, 200  poiindB  oaDnon  powder.  ) 

1, 100  pounds  mixed  powder.  >  from  broken  up  ammunition. 
200  pounds  mortar  powder.  ) 


23,500  pounds  at  8  cents  per  pound §1  330  qq 

June  14,  1881.— To  I.  D.  Goodwin : 
6, 000  pounds  musket  powder  from  broken  up  ammunition  at  8  cents  per 

pound 1 480  00 

Total  proceeds , $2,360  00 

Other  sales  were  in  progress  but  were  not  completed  during  the  year- 
On  June  24, 1881,  a  contract  was  made  with  E.  I.  Du  Pout  de  Nemours 
&  Co.  for  50,000  pounds  hexagonal  powder,  at  25  i^o"  cents  per  pound. 
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APPENDIX  9. 

REPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  ROCK  ISLAND  ARSE- 
NAL, ILL.,  DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  1881,  MAJOR  D. 
W.  FLAGLER,  ORDNANCE  DEPARTMENT,  COMMANDING. 

[Eight  plates.] 

Shop  G. 

(An  iron  working  and  finishing  shop  for  the  arsenal.) 

MASONRY. 

All  the  stone  for  the  steps  and  platforms,  and  copings  for  area  walls^ 
and  flagging  of  areas  has  been  purchased  ;  and  all  the  masonry  for  the 
steps,  areas,  and  area  walls  has  been  built.  A  portion  of  the  flagging 
for  walks' around  the  building  has  been  purchased,  cut,  and  laid. 

The  gra*ling  in  front  of  the  building  and  in  the  court  has  been  com- 
pleted, and  the  court  macadamized,  and  all  the  sewers  (about  650  feet), 
and  all  the  drain  sewers  (480  feet),  and  stench  traps  from  areas  and 
down  spouts  have  been  put  in. 

IRON  WORK. 

As  stated  in  my  last  annual  rejwrt,  the  bar  iron  for  the  roof  rods  waa 
manufactured  from  scrap  in  the  arsenal  rolling-mill.  The  beams  and 
purlins  required  for  the  roof  frame  were  purchased  during  the  year,  and 
the  roof  frame  manufactured  complete  in  the  arsenal  shops  during  the< 
winter,  and  put  on  the  building  during  the  spring. 

The  tests  of  the  bar  iron  made  in  the  arsenal  mill  gave  better  results 
than  the  purchased  bar  used  in  the  other  roofs,  and  in  some  respects 
this  roof  frame  is  better  made  and  is  a  better  frame  than  those  on  the 
other  shops. 

Attention  is  respectfully  invited  to  a  new  method  employed  in  making 
the  eyes  of  the  truss  rods  of  the  roof  frame.  (See  Plate  1,  appended 
hereto.)  With  the  first  heat,  the  metal  is  upset  and  the  bar  enlarged  at 
A  (Pig.  1),  with  a  special  machine  designed  and  made  therefor  in  the 
shops ;  the  welding  scarf  at  S  is  made,  and  the  end  of  the  bar  is  brought 
around,  and  the  eye  formed  as  shown  in  Fig.  2.  The  enlargement  of  the 
bar  at  A  is  very  important,  as  will  be  shown  further  on. 

The  button  B,  which  is  a  piece  of  round  bar  large  enough  to  fill  the 
hole  H  (Fig.  2),  and  as  long  as  the  diameter  of  the  rod  E,  is  then  heated 
to  a  welding  heat  nearly,  inserted  endwise  in  the  hole  H,  the  whole  eye 
is  then  brought  to  a  welding  heat,  the  weld  at  A  carefully  made,  and 
the  eye  E  (Fig.  3)  is  formed  under  a  steam  hammer  with  the  same  heat, 
using  dies  in  the  ordinary  way.  After  exact  measurements  lor  length 
(the  maximum  variation  being  -.^^^  of  an  inch),  the  pin  hole  h  is  drilled  in 
the  proper  place,  in  each  end  of  the  bar. 

A  cousideratiuu  of  this  process  wHl  show  that  the  fiber  of  the  bar  is 
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disposed  exactly  as  it  should  be  in  forming  the  eye,  and  the  tests  show, 
and  I  believe  this  eyebar  is  better  than  those  made  in  any  other  way 
with  which  I  am  acquainted. 

The  objections  to  forming  a  bar  in  this  way  have  heretofore  been ; 

First.  If  the  end  of  a  bar  is  brought  around  and  welded  at  A  in  the 
ordinary  way,  the  hammering  to  form  the  bar  pins  out  and  reduces  the 
size  of  the  bar  just  to  the  right  (in  the  drawing)  of  the  end  of  the  weld; 
and  also,  the  heating  and  hammering  rn^ij^  change  the  character  of  the 
iron  and  further  weaken  the  bar  at  this  point.  It  is  a  fact  that  eye-bars 
made  in  the  ordinary  way,  usually  break,  if  at  all,  at  this  point.  The 
enlargement  of  the  bar  at  this  point  as  described  above,  overcomes  this 
objection. 

Second.  In  making  eye-bars  for  engineering  puri)oses,  bridges,  roof 
frames,  &c.,  when  the  smith  ha«  finished  the  eye  to  the  form  in  Fig.  2, 
he  cannot  give  the  exaet  length  of  bar  required  between  the  eyes  at  the 
two  ends  of  the  bar,  and  therefore,  when  the  bar  is  finished  to  the  form 
in  Fig.  3,  an  excess  of  metal  must  be  left  in  the  eye  to  allow  for  a  slight 
variation  in  locating  and  drilling  the  hole  A,  and  still  leave  the  bar  as 
strong  or  stronger  in  the  eye  than  anywhere  else.  This  objection  is 
overcome  and  the  excess  of,  or  additional  metal  required  is  obtained  by 
inserting  the  button  B  as  described. 

The  pin  hole  h  (Fig.  3)  when  drilled  is  drilled  in  the  metal  of  the  but- 
ton B,  so  that  it  cuts  none  of  the  valuable  fiber  that  runs  around  the 
hole,  and  the  fiber  lining  the  hole  lies  parallel  to  the  axis  of  the  hole 
or  pin. 

The  separate  heating  of  the  button  B  before  inserting  it  in  the  hole 
H,  and  just  before  putting  the  eye  in  the  fire  for  the  second  heat,  is 
very  important.  Without  it  the  mass  of  iron  would  not  be  sufficiently 
heated  at  the  cenier  to  insure  a  perfect  weld. 

A  large  number  of  eye  bars  of  both  good  and  bad  iron,  and  both  well 
and  badly  made,  were  tested.  In  no  case  did  a  bar  break  in  the  eye  or 
in  the  weld.  As  this  pro(*e8S  is  a  cheap  one,  and  suited  to  the  machin- 
ery of  most  shops,  and  the  shape  and  method  of  construction  of  eye- 
bars  an  important  matter  in  engineering  constructions,  the  process  is 
described  and  reported  here. 

Other  work  done  on  shop  G. 

In  the  roofs  of  the  other  shops  small  skylights  have  been  inserted  at 
various  places  for  improving  the  light  of  the  third  story.  These  are 
found  to  give  insufficient  and  bad  light  for  shop  purposes.  The  third 
stories  of  these  shops  can  be  used  most  advantageously  for  harness  and 
equipment  shops,  but  this  use  requires  a  strong  light. 

I  have  left  the  scattered  skylights  out  of  shop  G,  and  put  a  continu- 
ous skylight  o  feet  wide  around  the  whole  building  on  one  side  of  the 
peak.  It  furnishes  an  excellent  light,  improves  very  much  the  general 
appearance  of  the  interior,  and  gives  such  ventilation  as  to  make  the 
temperature  about  the  satnc»  as  in  the  other  stories  in  hot  weather. 

The  roof  has  been  put  on  and  completed.  The  fire-proof  arches  for  all 
the  floors  have  been  put  in,  the  floors  laid,  the  doors  and  windows  put 
in,  and  the  painting,  plastering,  building  the  iron  stairs,  and  putting  in 
the  basement  floor  are  now  in  progress,  and  will  be  completed  and  the 
building  entirely  completed  about  October  30. 

Attenticm  is  invited  here  to  the  highly  beneficial  results  arising  from 
the  decision  of  the  Second  Comptroller  of  the  Treasury,  that  the  appro- 
priations for  buildings  at  this  arsenal  were  exempted  from  the  action 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  59 

iOf  the  act  of  Jnly  12,  1870,  requiring  unexpended  balances  of  appropri- 
ations to  be  turned  into  the  Treasury  at  the  end  of  the  fiscal  year. 

This  decision  was  made  August  25,  1880.  Without  it  it  would  have 
been  necessary  to  emi)loy  between  one  and  two  hundred  extra  work- 
men during  the  spring  months,  and  force  the  building  to  completion 
before  June  30,  involving  useless  expense  and  the  danger  of  imperfect 
work.  As  it  is,  the  work  is  being  done  very  economically  and  per- 
fectly with  the  regular  force  of  workmen,  in  bad  weather  and  at  times 
when  outside  work  is  slack. 

Shop  I. 

(A  wood-working  and  leather-working  shop  for  the  arsenal.) 
The  work  done  on  this  shop  during  the  fiscal  year  is  as  follows : 

IRON  WORK. 

The  beams  for  one-half  of  the  second  floor  liave  been  purchased, 
drilled,  and  fitted,  and  the  columns,  caps,  bases,  and  other  iron  work 
for  the  same  have  been  manufactured  in  the  arsenal  shops  and  this  iron 
work  put  up. 

STONE   WOKK. 

The  stone  for  the  second  story  has  been  purchased,  cut,  and  this  story 
has  been  built  and  completed.  Nearly  all  the  stone  for  the  third  story 
has  been  purchased  and  cut. 

WOOD   W^ORK. 

All  the  clear  lumber  required  for  the  sash,  window  and  door  frames, 
and  doors  has  been  purchased  and  stacked  for  seasoning,  and  a  portion 
of  this  wood  work  was  made  during  the  winter  months  to  keep  work- 
men employed. 

Shop  H. 

(An  iron-finishing  shop  for  the  armory.) 
The  work  done  on  this  building  during  the  fiscal  years  is  as  follows : 

iron  w^ork. 

All  the  iron  beams  for  the  first  floor  have  been  purchased,  drilled,  and 
fitted  in  the  arsenal  shops  and  put  in  position  in  the  building. 

STONE  WORK. 

Part  of  the  stone  for  the  first  story  has  been  purchased,  all  of  it  cut, 
and  the  building  of  this  story  was  in  progress  and  about  half  comifleted 
at  the  close  of  the  fiscal  year.  About  one-fourth  of  the  stone  required 
for  the  other  two  stories  was  purchased  apd  cut  during  the  year. 

AN  ELEVATED  IRON  AVATER-TANK  FOR  FIRE  PROTECTION,  AND  FOR 
SUPPLYING  THE  POST  BUILDINGS  AVITH  WATER,  AND  A  GENERAL 
DESCRIPTION   OF   ARSENAL  WATER-WORKS. 

The  elevated  tank,  the  masonry  tower  for  supporting  it,  and  the  build- 
ing for  inclosing  it,  have  been  built  and  completed  during  the  year. 
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Tbe  tank  and  masonry,  calculations  for  strength  and  capa^nty,  ancf 
arrangement  of  pipes,  gates,  valves,  &c.,  are  shown  in  Plate  2. 

The  exterior  of  the  tower  and  building  is  shown  in  Plate  4. 

Plate  3  gives  the  details  of  the  timber  floor  on  the  tower  for  support- 
ing the  tank,  and  the  details  of  the  joint  between  the  iron  walls  and  floor 
of  the  tank.  The  tank  was  made  entirely  in  the  arsenal  shops,  and  is 
all  ordinary  boiler  work  except  the  joint  just  mentioned. 

The  location  of  the  new  elevated  tank  is  shown  atE  (Plate  5).  Prior 
to  the  building  of  this  tank  the  constructions  for  the  water  supply  of 
the  arsenal  had  progressed  as  far  as  the  following  (see  map  (m  Plate 
5) :  A  stone  reservoir  A,  with  a  capacity  (if  filled)  of  850,000  gallons; 
an  8-inch  main  (a  a  a)  from  the  reservoir  extending  entirely  around  the 
ten  shops  and  down  to  the  main  pump  B,  and  filtering  beds  in  the  water- 
power  pool  at  C.  The  pump  B  forces  the  water  directly  through  the 
8-inch  main  (having  no  separate  pump-pipe),  so  that  the  reservoir  serves 
a«  a  stand  pipe  when  the  pump  is  working.  The  pump  B  is  driven  by 
the  water-power,  and  the  cost  of  pumping  is  practically  nothing. 

As  the  water-power  machinery  may  sometimes  be  stopped  for  repairs  or 
tor  other  causes,  and  the  water  at  times  be  drawn  out  of  the  pool  for 
repairs  of  dams,  gates,  &c.,  there  is  another  small  pump  (steam)  on  the 
other  side  of  the  island  at  1),  and  an  imperfcitt  i)ipe  (of  various  sizes,, 
and  too  snmll)  from  it  to  the  reservoir  A,  and  a  small  pipe  from  the  res- 
ervoir to  the  otticers'  quarters  and  barracks. 

There  are  exc*ellent  fire  plugs  (bbbb)  on  the  8  inch  main  at  ea(!h  of  the 
shops  and  at  some  other  points  for  use  in  connection  with  the  steam 
fire  engine.  The  reservoir  is  divided  into  two  compartments  by  a  divis- 
ion wall  15  feet  high,  so  that  by  lowering  the  water  to  the  top  of  this 
wall  either  side  can  be  used  while  the  other  is  emptie<l  for  repairs.  It 
is  supplied  with  separate  pipes  and  gates  for  receiving  water  Irom  the 
pumps,  for  filling  the  mains,  and  for  draining  the  two  "compartments 
separately. 

The  defects  of  the  system  which  are  to  be  remedied  by  the  new  ele- 
vated tank  and  new  water  mains  and  other  appliances  connected  with 
it  are  as  follows :  Owing  to  the  extreme  cold  of  this  climate  the  water 
pipes  are  buried  5  feet  below  the  ground  surface.  The  six  water  gates 
in  these  pipes  about  the  reservoir  are  surrounded  with  masonry  walls 
and  covered;  but  this  is  not  enough  to  protect  them  from  frost,  and  in 
winter  these  wells  must  be  filled  with  hay  manure  or  some  other  pro- 
tection, (letting  at  them  is  difticult,  and  they  are  generally  rusted,  and 
it  takes  sometimes  a  day  to  open  or  close  one.  It  should  be  done  in  a 
few  minutes.  To  overcome  this  all  these  pipes  are  now  taken  through 
the  room  in  the  tower  underneath  the  new  tank.  This  room  will  be 
warmed  in  winter,  and  all  the  gates  and  valves  will  be  placed  there  and 
kept  in  perfect  condition,  so  that  they  can  be  operated  quickly  and  with 
certainty. 

The  reservoir  furnished  no  suflScieut  head  for  fire  purposes,  though 
the  system  of  water-mains  (a  a  a  a)  south  of  the  reservoir — that  is,  the 
system  about  the  shops  and  adjoining  buildings— has  fire  plugs,  and 
ample  capacity  for  fire  purposes..  The  system  north  of  the  reservoir 
(c  c  c  c) — that  is,  the  system  that  should  supply  the  quarters,  barracks, 
hospital,  and  stables — has  neither  head  capacity  nor  fire  plugs  for  fire 
pur|)oses,  and  is  imi>erfect  and  incomp'ete. 

The  reservoir  head  is  sufticient  for  the  ordinarv  service  nf  the  svstem 
south  of  the  reservoir;  and  for  economic  reasons  this  head  only  will  bo 
used  in  these  mains,  ordinarily,  but  in  case  of  tire,  the  elevated  tank 
head  can  be  turned  on  to  these  mains  at  a  moments  warning.    This 
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elevated  tank  head  is  sufficient  to  operate  fire  hose  on  all  the  floors 
of  the  shops.  It  is  taken  into  account  that  an  exterior  fire  is  nearly 
impossible  on  these  fire-proof  buildings.  The  tank  head  is  not  sufficient 
for  throwing  a  stream  through  fire  hose  from  the  ground  outride  onto 
the  roofs  of  the  shops.  If  such  a  fire  should  ever  occur,  the  service  of 
the  fire  engine  at  the  fire  plugs  is  to  be  used.  For  very  economic 
reasons,  the  plans  embrace  also  a  small  tank  in  each  shop  under  the 
roof,  to  be  filled  only  ^hen  the  shop  is  in  use,  and  warmed,  and  then  by 
a  small  pump  in  the  shop  attached  to  the  shafting.  The  small  head  of 
the  reservoir  will  supply  constantly  the  basement  and  first  floors  where 
nearly  all  the  water  is  uded,  and  will  be  the  only  head  pumped  against 
by  the  great  pumps  (B  and  D),  and  the  only  regular  head  and  pressure  on  all 
the  great  mains.  If  the  upper  floors  of  any  particular  shop  are  in  use, 
the  small  tank  in  the  shop  will  furnish  a  constant  head  at  all  times  to 
the  fire  hose  on  those  floors,  and  also  any  water  that  may  be  wanted 
on  those  floors  for  ordinary  use.  Shops  not  in  use  are  not  subject  to  fire, 
require  no  water,  and  being  un warmed,  no  water  can  be  allowed  in  the 
pipes  on  account  of  frost. 

A  complete,  new,  and  separate  system  of  4-inch  mains,  and  supplied 
with  fire  plugs,  is  being  laid  north  of  the  reservoir  for  the  service  of 
all  the  quaiters,  barracks,  hospital,  and  stables.  The  head  of  the  new 
elevated  tank  will  be  always  on  this  whole  system,  not  only  for  fire 
protection  to  these  buildings  in  which  fires  are  more  likely  to  occur, 
but  for  regular  use  on  all  the  upper  floors.  This  system  is  marked  cccc 
on  the  map  (Plate  5),  and  its  fire  plugs  are  marked/////.  There 
are  about  5,000  feet  of  4-inch  pipe  in  this  new  system  and  in  the  new 
pump  pipe  from  pump  D  to  the  reservoir  and  tank.  This  new  pipe  was 
wade  economically  in  the  arsenal  foundry  last  winter  when  other  work 
was  slack. 

The  stone  reservoir  was  built  on  imperfect  foundations,  of  not  dura- 
ble stone,  and  the  walls  are  liable  to  fail  at  any  time.  It  was  specially 
important  to  have  the  new  elevated  tank  for  the  supply  of  the  arsenal 
when  the  reservoir  should  fail,  or  the  arsenal  would  be  left  without  any 
water  supply  whatever.  It  is  proposed  to  continue  to  use  this  reser- 
voir, as  has  been  described,  as  long  as  it  lasts.  When  it  fails,  it  should 
be  replaced  by  a  larger  cheap  open  reservoir,  to  perform  the  same  service 
and  to  be  located  on  good  rock  foundation  just  east  of  the  new  elevated 
tank.  The  pipes,  gates,  &c.  (to  be  described  further  on),  are  arranged 
for  easy  connection  with  the  reservoir  in  the  new  position.  It  has  been 
stated  that  the  elevated  tank  will  supj)ly  regularly  the  (luarters,  bar- 
racks, and  hospital.  These  buildings  require  the  purest  water  obtain- 
able. On  this  account,  as  will  be  shown  further  on,  the  elevated  tank 
will  be  supplied  generally  with  water  taken  from  the  reservior  only; 
this  having  been  not  only  filtered,  but  also  allowed  to  settle  several 
days.  The  reservoir  is  therefore  important,  not  only  for  the  uses  which 
have  been  described,  but  also  as  a  settling  reservoir.  The  location  of 
the  reservoir  and  new  tank,  and  of  all  the  pumps,  water  mains,  and  fire 
plugs,  both  old  and  new.  and  their  relations  to  buildings  are  shown  on 
Plate  5. 

The  arrangement  of  all  the  pipes,  gates,  &c.,  in  the  elevated- tank  tower, 
for  carrying  out  all  the  plans  hereinbefore  described,  are  shown  on  Plate 
2,  and  are  as  follows: 

The  objects  to  be  effected  are  to  pump  water  into  the  reservoir  A,  or 
the  elevated  tank  E,  at  will,  with  either  of  the  pumps  B  and  D ;  to  turn 
the  head  of  water  in  the  reservoir  or  tank  into  either  of  the  two  systems 
of  mains  at  will,  and  to  fill  the  tank  from  the  reservoir. 
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(Plate  2,  Fig.  2.)  a  istLe  8iuch  main  coining  in  from  the  pump  B, 
and  it  is  through  this  same  main  that  water  from  both  reservoir  and 
tank  pass  back  into  the  mains  aaaa  for  the  shops,  &c*  B  \i^  are  con- 
tinuations of  this  main,  leading  into  the  two  compartments  of  the  reser- 
voir, both  supplied  with  8-inch  gates  at  r  r^  E  is  a  vertical  6-inch  pipe 
supplied  with  a  gate  leading  up  into  the  elevated  tank,  p  is  the  4inch 
pil)e  coming  in  from  the  pump  D,  and  is  supplied  with  a  gate  at  P. 
When  the  gate  in  pipe  E  is  closed,  and  gates  r  and  r^  (either  or  both) 
are  open,  either  pump  can  fill  the  reservoir.  When  the  gate  E  is  open 
and  r  and  H  are  closed,  either  pump  can  fill  the  elevated  tank.  The  first 
arrangement  of  the  gates,  turns  the  head  of  the  reservoir,  and  the 
second  arrangement  the  head  of  the  tank  on  to  the  aaa  system  of 
mains,  both  when  the  pumps,  or  either  of  them,  are  working,  and  when 
they  are  not. 

C  is  a  vertical  4-inch  pipe  supplied  with  a  gate,  coming  doYi^n  from  the 
elevated  tank,  and  supplies  the  c  c  c  system  of  mains  at  all  times, 
whether  the  pumps  are  working  or  not. 

S  is  a  connecting  pipe  between  the  pipes  c  and  p,  and  is  supplied  with 
a  gate,  kept  habitually  closed.  By  opening  it  and  closing  P  the  reser- 
voir head  can  be  turned  on  to  the  c  c  c  system  of  mains,  temporarily, 
while  washing  out,  or  rei)airing  the  elevated  tank. 

T  is  the  small  steam  pump  to  be  used  habitually  for  filling  the  eleva- 
ted tank  with  settled  water  taken  from  the  reservoir. 

The  4-inch  pipe  W  (with  valves  iv  w)  supplies  the  pump,  and  the  4- 
inch  pipe  e  returns  the  water  to  the  vertical  pipe  E  above  its  gate.  O 
is  a  boiler  to  supply  this  pump  with  steam. 

The  pump  T,  has  a  capacity  of  150  gallons  per  minute,  two-horse 
power,  and  should  be  run  about  five  hours  per  week  for  the  regular  sup- 
ply and  consumption  of  the  ccc  system  of  mains. 

In  case  of  a  protracted  fire,  involving  the  possibility  of  exhausting 
the  elevated  tank,  either  pump  B  or  D  would  be  used  to  keep  it  full. 
H  is  a  large  coal  heater  to  be  used  in  winter  to  keep  water  in  pipes, 
gates,  and  tanks  from  freezing.  Fig.  1,  Plate  2,  shows  that  the  floor  on 
which  the  pipes  are  laid  is  5  feet  below  the  surface  of  the  ground  out- 
side, so  that  all  i>ipes  laid  below  frost  outmde  come  in  on  the  floor  with- 
out curves.    The  building  is  also  banked  outside. 

F  (Fig.  2)  is  a  chimney  flue  for  the  boiler  O,  and  heater  H.  M  is  a 
projection  on  the  tower  to  furnish  a  ladder  way  into  the  tank. 

1)  is  a  4-inch  drain  pipe  (supplied  with  a  gate)  for  emptying  the  tank. 

The  tank  has  an  interior  vessel  (not  shown)  holding  two  barrels,  and 
so  arranged  that  it  will  not  be  emptied  when  the  tank  is.  This  is  to 
retain  a  convenient  supply  of  water  for  washing  out  the  tank. 

As  stated,  the  tourer  and  tank  are  completed.  The  ccc  system  of 
mains  are  now  being  laid,  when  it  can  be  done  most  conveniently,  and 
will  be  finished  and  connected  with  the  reservoir  and  tank  before  frost 
this  fall. 

IMPROVEMENT   OF   THE  WATER-POWER  POOL. 

In  the  appropriation  act  for  sundry  civil  purposes,  api)roved  June  16, 
1880,  Congress  made  an  appropriation  of  $50,000  for  the  improvement 
of  the  water-power  pool.  As  this  appropriation  was  based  upon  plans 
and  estimates  sulimitted  to  you  in  my  report  of  February  4, 1876,  it  was 
understood  that  the  work  done  with  the  appropriation  should  be  confined 
substantially  to  the  objects  set  forth  in  that  report;  that  is,  to  removing 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  63 

deposits  and  rock  which  obstruct  the  flow  of  water  iuto  the  pool  at  low 
wat-er  and  in  winter,  and  to  a  short  extension  of  the  wing-dam. 

As  explained  to  you  in  my  letter  of  July  21,  1880,  the  unprecedented 
high  water  in  the  river  last  fall  rendered 'coffering  for  the  removal  of 
rock  and  deposits  impracticable  without  great  waste  of  money,  and  this 
part  of  the  work  could  not,  therefore,  be  done. 

A  long  study  of  the  water-power  has  convinced  me  that  deposits  could 
be  very  economically  washed  out  of  the  pool,  if  means  could  be  provided 
for  producing  a  considerable  current  through  the  pool  at  low  water. 
This  could  only  be  done  by  providing  a  large  outlet  from  the  pool.  Of 
course,  the  gates  at  the  water-ways  through  the  dams  would  provide 
such  an  outlet,  but  these  gates  as  constructed  could  not  be  opened  when 
the  pressure  of  the  water  head  was  on  them,  and  their  great  distance 
from  the  deposits  would  make  them  ineffectual  compared  with  an  outlet 
near  the  deposits.*  The  old  dike  between  Eock  Island  and  Benham's 
Island  afforded  an  excellent  place  for  such  an  outlet. 

In  my  annual  report  for  the  fiscal  year  ending  June  30, 1880,  is  given 
a  full  description  and  drawing  of  a  cast-iron  gate  devised  by  me  to 
replace  some  of  the  old  wooden  ones  that  were  failing  or  had  warped  so 
much  that  they  could  not  be  operated.  The  use  of  three  of  these  gates 
made  at  that  time  showed,  as  predicted,  that  they  could  be  readily  opened 
with  the  pressure  against  them  of  the  head  of  water  in  the  pool. 

After  much  study  I  was  convinced  that  water-ways  in  the  Benham's 
Island  <like  provided  with  these  iron  gates  afforded  such  probability  of 
enabling  me  to  wash  the  deposits  from  the  pool  cheaper  than  they  could 
be  removed  in  any  other  way  that  I  deemed  it  a  proper  expenditure  of 
a  i>ortion  of  the  appropriation  to  make  the  attempt.  I  proposed  to  build 
a  short  piece  of  cheap  dam  suflicient  for  six  water-ways,  each  9  feet  wide, 
to  l>e  provided  with  the  iron  gates.  When  this  plan  was  explained  to 
members  of  the  Moline  Water- Power  Company  they  not  only  approved 
of  it,  but  were  so  sanguine  of  its  suc(tess  that  they  strongly  urged  a  much 
longer  dam  and  larger  number  of  water-ways.  They  believed  it  would 
not  only  effect  the  immediate  object  intended,  but  would  afford  a  certain 
means  "of  keeping  the  pool  free  from  deposits  hereafter.  They  feared, 
however,  that  the  six  water-ways  would  not  give  a  large  enough  outlet.t 
At  their  earnest  solicitation  the  number  of  water-ways  was  finally  in- 
creased to  fifteen.  I  was  the  more  willing  to  do  this,  because  the  dike 
had  been  much  injured  by  the  freshet  in  June,  1880,  and  the  posts  where 
the  new  dam  and  water-ways  were  placed  required  renewing.  This  dike 
is  properly  a  part  of  the  pool,  and  the  work  on  it  is  part  of  the  improve- 
ment of  the  pool.  It  should  be  stated  here  that  putting  in  the  nine 
additional  water-ways  extended  the  work  into  the  cold  weather  of  De- 
cember; and  ice,  rises  of  the  river,  loss  of  cofferdams,  and  other  causes 
made  the  cost  of  each  of  these  water-ways  about  double  that  of  each  of 
the  first  six  of  the  original  plan. 

The  two  pieces  of  dam  put  in,  and  the  water-ways  are  shown  on  Plate 


'*  These  eates  were  intended  to  be  opened  only  when  a  pen-stock  or  fore-bay  should 
be  biiilt  behind  them.  The  pen-stock  could  then  be  filled  through  a  wicket  in  the  gate, 
the  water  raiseil  to  the  same  height  on  both  sides  of  the  gate,  and,  all  pressure  being 
removed,  the  gate  could  be  operated. 

t  My  plan  was  by  means  of  a  movable  plank  fence  or  dam  (to  be  used  at  extreme 
low  water  in  connection  with  the  construction  of  the  coffer-dam  across  the  pool),  to 
liold  a  small  stream  of  water  up  against  the  side  of  the  bar,  and  so  gradually  cut  and 
wash  it  away.  The  six  water-ways  were  ample  for  the  escape  of  this  buiuil  stream. 
All  of  this  plan  was  not  described  to  the  water-power  com;)aiiy,  and  is  not  fully  de- 
scribed here,  though  it  is  still  proposed  to  use  or  attempt  it,  if  the  opportunity  offer, 
and  it  should  be  necessary. 
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6.  Fig.  1,  is  an  elevation,  Fig.  2  a  plan,  and  Fig.  3  a  larger  elevation  and 
cross-section,  showing  also  one  iron  gate  and  appliances  for  hoisting  it. 
A  (Fig.  3)  is  a  special  hydraulic  jack  designed  and  made  here  for  hoist- 
ing the  gate.  (An  enlarged  drawing  of  this  jack  is  given  on  Plate  7.) 
B  is  a  movable  timber  on  which  the  j^k  stands.  0  is  an  eye-bolt  in  the 
wall  to  which  the  rear  end  of  the  timber  is  secured.  One  of  these  eye- 
bolts  is  placed  over  each  water-way,  and  the  timber,  hydraulic  jack,  and 
hoisting  rod  D  can  be  moved  from  gate  to  gate  and  used  for  hoisting 
them  all,  thus  avoiding  the  expense  of  special  hoisting  arrangements  for 
each  gate.  The  dams  are  faced  front  and  rear  with  good  rough,  durable 
Anamosa  and  Grafton  stone,  and  the  water-ways  and  arches  are  built 
of  the  same.  The  interior  of  the  walls  are  built  of  rough  stone  found 
mixed  with  dirt  in  the  old  dike,  and  stone  taken  out  of  the  river,  and 
quarried  along  the  island  shore.  Portland  cement  was  used  through- 
out. The  dams  were  cheap,  but  are,  I  believe,  more  durable  than  any 
that  have  been  built  on  the  water-power.  They  are  massive,  being  15 
feet  thick  at  the  bottom,  and  10^  feet  thick  at  the  top.  As  shown,  no 
attention  was  paid  to  the  levels  of  the  water-way  sills.  Each  was 
placed  as  low  as  it  was  economical  to  excavate  in  getting  foundations, 
and  the  varying  heights  of  the  water-ways  were  filled  by  making  one  of 
the  plates  which  form  the  iron  gates  vary  in  width  to  suit. 

Plate  7  shows  the  special  hydraulic  jack  designed  for  hoisting  the 
gates.  The  drawing  shows  the  jack  suflBciently  without  explanation.  A 
is  a  special  automatic  clamp  for  griping  and  holding  the  hoisting  rod 
while  being  lifted,  but  will  slide  down  on  the  rod  when  the  jack  piston 
is  lowered.  B  is  the  alternate  automatic  clamp  that  holds  the  rod  while 
the  other  is  being  lowered,  but  allows  the  rod  to  pass  up  without 
resistance. 

It  was  stated  that  the  water-ways  in  the  other  dams  would  be  less 
effectual  than  these  new  ones,  because  of  their  great  distance  from  the 
bar  to  be  washed  out.  It  was  determined,  however,  to  take  advantage 
of  whatever  effect  these  oi>enings  would  give,  and  I  have  during  the 
year  made  45  new  iron  gates  for  these  water-ways  also.  The  gates 
made  expressly  for  this  washing  out  have  been  charged  to  thiB  appro- 
priation for  the  improvement  of  the  pool.  Those  made  to  replace  dam- 
aged gates  have  been  charged  to  the  ai)propriation  for  general  care  and 
preservation,  as  repairs  of  the  water-power. 

EXTENSION   OF  WHNG-DAM. 

Plate  8.  The  extension  of  the  wing-dam  contemplated  in  the  plans 
was  made  during  the  year.  It  is  comprised  between  the  points  marked 
BB  on  the  map  or  Plate  8,  and  is  1,050  feet  long.  The  upper  end  is  in 
water  12  feet  deep  (below  extreme  low  water).  The  whole  dam  is  built 
to  a  height  of  3  feet  above  extreme  low  water.  Cross  sections  of  the 
dam  are  shown  at  three  places.  The  rock  for  this  dam  was  excavated 
from  the  old  "  dump"  of  rock  taken  out  of  the  water-power  canal  nine 
years  ago.  It  was  hauled  on  the  ice  about  two  miles  to  the  site  of  the 
dam  during  the  extreme  cold  of  mid- winter,  and  the  dam  was  constructed 
by  simply  cutting  a  channel  in  the  ice  over  the  site  of  the  dam  and  dump- 
ing the  rock  into  it.    This  extension  contains  9,760  cubic  yards  of  rock. 

A  contract  was  made  during  the  year  for  excavating  so  much  of  the 
channel  through  Moline  chain,  proposed  in  the  plans,  as  the  appropria- 
tion would  permit,  but,  as  stated,  the  high  water  prevented  tliis  work, 
and  it  will  be  done  during  low-water  stage  this  fall. 

The  Moline  Water-Power  Company  has  sent  me  a  paper  i)rote    ing 
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against  the  excavation  of  this  channel  in  accordance  with  the  plans, 
and  requesting  that  the  appropriation  be  all  expended  in  carrying  out 
my  plans  for  washing  out  the  pool  in  a  long  extension  of  the  wing  dam, 
and  in  deepening  the  tail  race  for  the  benefit  of  their  company  exclu- 
sively. As  this  was  not  in  accordance  with  the  plans  for  which  the 
appropriation  was  made,  a  compliance  with  their  request  was  imprac* 
ticable,  even  had  it  been  desirable. 

GENERAL  CARE  AND  PRESERVATION — IMPROVEMENT  OF  GROUNDS,  &rC. 

The  principal  items  of  work  done  during  the  year,  under  this  head, 
are:  The  manufacture  of  the  5,000  feet  of  4-inch  water  pipe,  heretofore 
mentioned  ;  the  construction  and  repairs  and  preservation  of  avenues, 
streets,  and  walks;  care  and  preservation  and  repainting  of  buildings 
and  bridges ;  care  and  preservation  of  water-power  dams,  and  making 
new  iron  gates  therefor. 

Attention  is  respectfully  invited  to  the  fact  that  in  consequence  of 
the  great  extent  of  avenues,  roads,  bridges,  and  grounds  to  be  taken 
care  of;  the  number  and  magnitude  of  the  buildings  to  be  taken  care 
of  and  kept  painted ;  the  extent  of  dams,  &c.,*  pertaining  to  tbe  water- 
power,  and  the  imperative  necessity  of  carrying  on  the  improvement 
of  the  grounds  as  the  work  of  construction  goes  on,  the  appropriations 
made  for  this  work  during  the  past  few  years  have  been  much  too 
small.  It  is  very  desirable  that  the  whole  amount  asked  for  under  this 
head  in  the  annual  estimate  for  this  year  should  be  appropriated. 

BOCK  ISLAND  BRIDGE  AND  SHEER  BOOMS  FOR  THE  PROTECTION  OP 

THE  BRIDGE  PIEBS. 

Appended  hereto  is  a  report  for  the  year  of  public  and  railroad  traffic 
on  the  bridge,  and  of  the  traffic  on  the  river  that  has  passed  through 
the  draw.     (Appendix  A.) 

The  opinions  of  river  men  are  almost  unanimous  that  the  boom  in  the 
middle  of  the  river  is  more  an  obstruction  than  an  advantage  tx>  the 
passage  of  rafts,  and  therefore  this  boom  was  not  replaced  in  position 
this  spring,  1881. 

Considerable  difficulty  is  sometimes  encountered  by  vessels  in  making 
the  sharp  turn  around  the  island  shore,  and  in  getting  safely  into  the 
draw  passage  in  its  position  close  to  the  shore,  so  far  from  the  river 
channel.  Some  vessels  have  been  injured  by  striking  the  rocks  along 
the  shore.  I  have,  therefore,  cx)nstrncted  during  the  year  a  considera- 
ble extension  to  the  sheer  boom  to  be  placed  along  this  shore,  and  am  now 
waiting  for  low  water  to  make  the  anchorages  (economically)  for  this 
boom,  and  to  place  it  in  position. 


Appendix  A. 
Abstract  of  record  kept  at  the  Rock  Island  Bridge  during  the  year. 

PASSING  NORTH. 

Engines  with  trains 5, 321 

Engines  withont  trains 470 

Total  engines «. 5,791 

Passenger  cars 7, 009 

Flight  cars 106,842 

Foot  passengers 22a,  649 

Teams 174,653 

Steamboats 1,270 

Buges 239 

5  ORD 
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PASSING  SOUTH. 

Engines  with  trains 5,437 

Engines  withont  trains 319 

Total  engines 5,756 

Passenger  cars „ 6,961 

Freight  cars 104,195 

Foot  passengers 235,213 

Teams ; 117,537 

Steamboats : 1,285 

Barges 243 

Rafts 826 
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APPENDIX  10. 

REPORT    OF  THE   PRINCIPAL   OPERATIONS  AT  THE   BENICIA  ARSENAL 
CALIFORNIA,    DURINO  THE   FISCAL   YEAR   ENDED  JUNE  30,  1881,  COL 

JULIAN  McAllister,  ordnance  department,  commanding. 

General  :  I  have  the  honor  to  submit  the  following  report  of  the 
progress  made  in  prosecuting  the  work  at  the  artesian  well  at  this  post, 
during  the  fiscal  year  ending  June  30, 1881 : 

In  order  to  estimate  the  work  to  be  done  when  we  received  the  appro- 
priation for  this  last  year,  it  will  be  necessary  to  refer  to  the  time  when 
we  discontinued  all  operations  for  want  of  funds. 

In  March^  1879,  we  stopped  deepening  the  well.  The  months  of  April, 
]!day,  and  June  of  that  year  were  occupied  in  making  preparations  to 
secure  the  water,  which  entered  the  well  at  the  960-foot  level,  for  the  use 
of  the  post.  The  machinery  for  boring  was  cleaned,  oiled,  and  stored, 
and  an  estimate  was  submitted  to  the  Chief  of  Ordnance  for  continuing 
this  work,  during  the  fiscal  year  ending  June  30, 1880,  of  $9,800,  but  no 
money  was  approx>riated  for  this  purpose. 

Representations  were  made  in  April,  1879,  in  reference  to  the  difficul- 
ties that  would  be  entailed  on  us  by  the  fr "  nre  of  this  appropriation.  The 
difficulties  resulting  from  unavoidable  a^^idents  have  already  been  nu- 
merous, and  have  hindered  the  progress  of  the  undertaking  enough  with- 
out any  additions  from  want  of  forethought  or  cessation  of  the  work 
for  any  period  of  time.  The  work  must  be  continuous  or  its  cost  is 
doubled,  and  if  the  appropriation  for  which  estimates  were  made  had 
been  granted,  there  would  have  been  no  question  as  to  the  advisability 
of  proseouting  the  work,  as  the  machinery  was  in  splendid  working 
order,  and  tools  were  already  manufactured  to  bore  the  well  to  a  depth 
of  3,000  feet,  if  necessary. 

The  continuance  of  this  experiment  at  that  time,  in  the  spring  of  1879, 
was  of  great  importance  to  this  region  of  country,  but  that  necessity  no 
longer  exists,  as  will  be  shown  in  this  report  > 

When  machinery  has  l)een  idle  and  the  lining  pipes  of  a  well  have  be- 
come immovable  in  it,  nearly"  half  of  a  moderate  appropriation,  such  as  we 
have  been  receiving,  will  be  required  to  place  the  well  in  the  condition  in 
which  it  was  when  work  on  it  was  discontinued.  This  failure,  from  want 
of  funds  to  continue  the  work,  has  occurred  frequently  since  we  first 
commenced  to  bore  this  well,  ana  the  government  has  had  to  pay  for  much 
unnecessary  work,  because  money  has  not  been  appropriated  steadily 
from  year  to  year,  so  that  continuous  eflTort  towards  the  progress  of  the 
well  could  have  been  assured.  The  pipe  linings  of  the  well,  when  left 
stationary  for  any  length  of  time,  became  fast  in  it,  owing  to  the  parti- 
cles forming  the  wall  of  the  well  disintegrating  and  filling  up  the  small 
cylindrical  space  due  to  the  difference  of  diameter  between  the  bore  of 
the  well  and  the  outside  diameters  of  the  different  sized  pipe-casings. 

It  has  been  found  impossible,  in  some  instances,  to  pull  up  wooden 
piles  60  feet  long  which  liave  been  left  one  year  in  soft  mud.  How  much 
more  difficult  must  it  prove  to  extract  over  900  feet  of  iron  pipe  which 
had  been  fixed  in  the  well  hole  over  one  year,  the  diameter  of  the  latter 
being  slightly  larger  than  the  outside  diameter  of  the  former. 
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Experience  of  these  difficalties  and  the  cost  of  overcoming  them  made 
us  ask  for  an  appropriation  of  $9,800,  to  be  expended  during  the  fiscal 
year  ending  June  30, 1881  This  appropriation  met  with  a  better  fate 
than  the  previous  one,  as  a  part  of  this  sum  was  appropriated  for  it, 
namely,  $5,000.  This  was,  however,  entirely  inadequate  to  the  wants 
of  this  enterprise,  and  was  too  small  an  amount  to  justify  us  in  com- 
mencing the  work  necessary  to  be  done.  Seventeen  mouths  htid  elapsed 
since  the  pipe-casings  had  been  moved,  and  they  formed,  with  the  fill- 
ings in  of  silicious  matter  between  them,  one  solid  mass  of  stone  and 
iron.  It  was,  therefore,  determined  not  to  use  any  of  that  appropria- 
tion, on  the  ground  that  "it  would  not  pay "5  and,  moreover,  we  were 
obtaining  substantial  advantages  from  the  well  in  its  present  condition 
by  using  the  water  obtained  fiom  it  for  every  purpose  for  which  it  could 
be  employed.  The  last  Congress,  however,  appropriated  an  ad<litional 
sum  of  $5,000  for  this  enterprise,  and  the  appropriations  for  the  two 
years  amounted  to  the  sum  which  was  required  for  pushing  this  work 
during  one  year's  time.  Therefore,  we  decided  to  commence  the  work 
late  in  the  year  1880;  and  then,  a«  the  appropriation  for  that  year  be- 
came exhausted,  the  money  appropriated  for  the  present  year's  work 
would  be  available,  and  could  be  used  and  the  work  prosecuted  contin- 
ously  until  the  last  appropriation  was  exhausted.  The  action  of  Con- 
gress in  this  regard  induced  us  to  resign,  temporarily,  the  supply  of 
water  we  were  obtaining  from  the  well,  and  to  attempt  to  increase  it 
by  continuing  our  work. 

Since  our  last  report  was  written  our  views  in  reference  to  the  method 
which  should  be  adopted  to  obtain  an  increased  supply  of  water  have 
been  materially'  modified,  At  that  time  we  considered  it  advisable  to 
bore  the  well  to  a  greater  dei)th,  and  to  sink  it  below  the  foul  water 
which  entered  it  1,405  feet  from  the  surface,  and  reach  a  water-bearing 
stratum  below  this  last.  This  foul  water,  as  has  already  been  reported, 
contained  too  much  organic  matter  to  be  used  as  food,  aud  the  stench 
from  the  gases  evolved  wa«  very  irritating  to  the  lungs.  At  the  time 
to  which  we  refer  the  only  artesian  well  besides  this  one  on  the  west- 
ern slope  of  the  Sierras  was  at  Stockton,  which  city  is  situated  in  the 
middle  of  an  alluvial  basin  of  great  extent,  and  its  geological  surround- 
ings present  a  striking  contrast  to  those  of  the  hills  and  canons  of  the 
government  reserve,  and,  also,  to  the  general  features  of  the  country 
lying  west  of  the  Mount  Diablo  range.  Therefore,  at  that  time,  ours 
was  an  experiment,  the  success  of  which  might  influence  the  prosperity 
of  a  large  tract  of  country  and  its  inhabitants. 

The  dry  season  here  lasts  from  March  to  October,  and  instances  of 
drought  are  traditional,  in  which  it  is  reported  th  <t  the  former  rulers  of 
this  land  ordered  a  portion  of  their  cattle  to  be  driven  from  a  cliff  into 
the  ocean  and  to  be  drowned,  in  order  to  save  sufficient  sustenance  to 
keep  the  remainder  alive.  Thus,  if  the  fact  could  have  been  established 
that  artesian  water  was  to  be  obtained  among  these  hills,  as  well  as  on 
the  plains  of  the  San  Joaquin,  then  the  dry  season  of  each  year  would 
lose  its  terror  to  the  agriculturist,  the  stock-raiser,  the  miner,  and  even 
to  the  manufacturer. 

Now,  however,  the  Stockton  well  and  the  government  Well  at  this 
point  are  no  longer  the  only  instances  of  artesian  wells  in  this  :^tate, 
nor  in  this  section  of  country.  Since  March,  1879,  private  enterprise 
has  been  developing  the  sinking  of  artesian  wells  through  the  middle 
and  southern  parts  of  California,  and  sixteen  wells  have  been  bored. 
We  will  only  give  the  details  connected  with  a  few  of  them.  •  The 
results  in  reference  to  obtaining  good  water  are  the  same  in  all. 
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The  "  Davis  well,"  iu  Ventura  County,  6  inches  diameter,  depth  1,640 
feet,  furnishes  alkali  and  brackish  water.  The  "  San  Francisco  well," 
in  Los  Au§:eles  County,  10  inches  diameter,  depth  1,513  feet,  produces 
alkali  water.  From  the  "Los  Angeles  well,"  Ventura  County,  same 
diameter  as  above,  depth  1,300  feet,  brackish  water  is  alone  obtained. 
A  well  in  San  Mateo  County,  of  10  inches  bore  and  1,040  feet  deep,  pro- 
duces brackish  and  salt  water.  The  other  twelve  artesian  wells  furnish 
alkali,  salt,  brackish,  and  sulphur  water.  Not  one  of  them  produces  as 
good  a  water  as  that  obtained  in  the  well  at  this  place  from  the  960-foot 
level.  We  can  readily  perceive  that  all  the  water  obtained  from  what 
are  erroneously  called  "  artesian  wells  "  is  nothing  but  surface  water 
which  has  fallen  on  the  hills  and  filtered  down  through  the  earth,  until 
it  has  encountered  a  layer  of  clay,  over  which  it  runs  until  it  finally 
finds  an  outlet  through  these  small  wells,  which  vary  in  depth  from  250 
to  350  feet.  This  water  contains  a  great  amount  of  impurities  which 
will  in  the  end,  if  it  is  used  generally  for  food,  aft'ect  the  health  of  the 
consumers. 

From  the  above,  we  learn  that  the  question  which  the  government 
commenced  to  solve  in  reference  to  obtaining  artesian  water  at  a  great 
depth  has  been  already  decided  by  the  energy  of  private  parties. 

Judging  from  these  results,  we  considered  that  we  might  go  further 
and  fare  worse,  and  that  it  was  more  desirable  to  preserve  the  water 
we  had  already  obtained,  and  which  had  proved  for  the  last  seventeen 
months  an  adequate  supply  for  our  wants,  than  to  attempt  to  obtain 
new  results,  for  if  we  deepened  the  well  and  obtained  another  stream  of 
water  at  a  greater  depth  it  would  necessarily  underlie  the  water  which 
flowed  into  the  well  at  the  lower  level,  and  it  might  prove  still  more 
impure  of  itself;  or,  if  we  failed  to  shut  out  that  water  from  the  well, 
the  new  supply  would  most  undoubtedly  partake  of  the  impurities  oi 
the  old.  Another  consideration  was  the  fact  that  in  some  instances 
good  water  has  been  lost  b}'  deepening  a  well,  and  thus  opening  some 
subterraueous  duct,  by  which  it  escaped  to  a  lower  level  away  from  the 
well-hole.  % 

It  is  very  diflScult  to  resign  an  undertaking  in  which  your  feelings 
have  become  enlisted  and  your  pride  interested,  but  the  above  facts 
were  conclusive.  We  had,  besides,  anticipations  from  our  former  suc- 
cess, which  has  been  before  reported,  when  the  water  obtained  from 
the  960-foot  level  rose  2  feet  above  the  surface  of  the  ground,  that  we 
might  obtain  a  flowing  well  by  making  our  pipe  tight  and  allowing 
none  of  the  water  to  escape  as  it  passed  from  its  source  to  the  top  of 
the  pipe  casing. 

Another  expedient,  used  in  the  oil  regions  of  Pennsylvania  to  increase 
the  flow  of  oil  and  which  we  hoped  to  adopt,  might  also  increase  the 
flow  of  water,  namely,  to  fire  a  tori)edo  or  i)etard  at  the  bottom  of  the 
well,  thus  opening  the  seams  of  rock  and  multiplying  the  sources  from 
which  the  water  might  be  obtained.  After  consulting  some  practical 
well-borers  who  haxl  been  a(^eustomed  to  this  work,  we  determined  to 
employ  the  last-mentioned  means  and  try  to  open  up  the  waterbeaiing 
seams  of  rock,  at  the  UOOfoot  level,  and  thus  obtain  all  the  water  which 
they  were  capable  of  furnishing.  To  ettect  this,  the  well-hole  had  to  be 
cleaned  out  to  a  distance  of  1,000  feet  or  more,  and  a  false  ]>ottom  or 
bridge  built  in  at  that  depth  to  prevent  the  impure  water  from  ming- 
ling with  that  which  flowed  into  the  well  above  it. 

At  the  commencement  of  the  work  there  were  300  feet  of  7-inch 
wrooght-iron  heavy  artesian-well  casing  in  it,  and  at  the  end  of  this  a 
brass  deep- well  pump  of  5-inch  ban-el,  which  we  had  been  using  to  pump 
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the  water  from  the  well,  during  the  cessation  of  work,  for  seventeen 
months;  also  the  11-inch,  9-inch,  and  d-inch  casings  were  in  the  well. 

The  anticipation  of  the  difficulty  of  working  in  this  well,  after  all 
these  Ciiifings  had  been  stationary  for  so  long  an  interval  of  time,  was 
not  exaggerated.  The  pipes  were  glued  together,  and,  in  raising  the 
inner  pipe,  {portions  of  the  outer  pipes  were  brought  up  with  it,  leaving 
the  walls  of  the  well-hole  partially  unprotected. 

The  7-inch  wrought-iron  pipe  parted  in  our  first  attempt  to  draw  it 
out  of  the  well.  We  did  this  by  using  the  clamp  described  in  my  last 
report  on  the  exterior  pipe,  with  two  hydraulic  jacks  for  furnishing  the 
necessary  power.  These  appliances  parted  the  pipe  before  the  whole 
power  of  the  jacks  was  brought  to  bear  upon  it.  The  only  method  of 
taking  hold  of  the  pii>e,  so  as  to  be  certain  to  raise  it,  was  by  the  bot- 
tom ;  otherwise  we  would  have  had  to  extnust  it  by  sections.  We  em- 
ployed one  of  our  old  tools,  before  describeil,  and  took  hold  of  the  bot- 
tom of  the  pipe,  employing  two  30-ton  hydraulic  jacks,  and  raised  it  by 
these  means  one-half  of  an  inch.  The  i)ower  employed,  i.  c,  60  tons,  will 
convey  to  the  mind  an  idea  of  the  complete  adhesion  of  the  outer  surface 
of  this  casing  to  the  interior  of  the  other  casings  in  the  well.  This  sid- 
hesion  being  overcome,  we  raised  this  pipe  the  second  day,  during  ten 
hours'  work,  8  feet.  On  the  fourth  day,  as  we  drew  out  the  7-inch 
tubing,  the  tops  of  the  8,  9,  and  11  inch  casings  commenced  appearing 
at  the  month  of  the  well,  holding  firmly  together.  All  these  casings 
had  to  be  taken  out  in  a  solid  mass  in  order  to  clear  the  well,  and  the 
rivets  which  held  the  joints  had  to  be  broken,  in  some  cases,  to  get  the 
pipes  apart.  After  120  hours  of  work,  five  men  being  employed,  we 
^.        ^       \v        ^;5vv       *         had  removed  300  feet  of  7-inch,  288 

[jjjTf — ^^=^=^ ^5"^ ^"^— ^  ^^^^  ^^  8.inch,  238  feet  of  9-iuch,  and 

•nj -^7 vy^^^ ' —      39  feet  of  1 1-incli  pipe  from  the  well. 

^       ^    ^  When  we  extracted  the  last  of  the 

7-inch  it  was  ascertained  that  the  valve  and  bottom  of  brass  pump 
had  been  broken  off  and  were  left  in  the  well.  The  welLwas  then 
cleaned  out  with  sand-pump  until  it  was  clear  to  the  bridge  put  in  9(}(> 
feet  below  the  surface  of  the  earth,  in  Mar«h,  1879.    A  rope  spear  was 

thc*n  manufactured  to  extract 
the  bags  and  canvas  which 
composed  a  portion  of  the 
bridge.  In  lowering  our  tools 
we  ascertained  that  the  8-inch 
casing  had  commenced  ta 
collapse,  and  the  well  began  to  cave  below  it.  In  order  to  keep  the 
well  sufficiently  open  to  admit  of  the  use  of  our  tools,  a  swedge  was 
made  of  two  8-inch  shells,  and  this  was  screwed  to  the  system  of  rods 
and  forci^d  down  into  the  well  by  a  churning  process,  pushing  back  the 

8-in(*h  pipe  into  its  position. 
While  we  were  drilling  and 
pumping  out  the  materials 
which  formed  the  bridge  or 
false  bottom,  the  system  of 
drill  rods  was  unscrewed  200* 
feet  from  top  of  well,  leaving 
-  the  larger  portion  in  well,  and 
we  made  the  following  tool,  which  might  be  called  a  bell  coupling.  The 
lower,  bell-shaped  portion  of  this  tool  guides  the  screw-head  of  the  sys- 
tem of  rods  in  the  well  into  the  female  screw  cut  in  solid  head  of  tool^ 
and  the  system  of  rods  is  turned  from  above  until  the  new  coupling  holds- 
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them  tight  enough  to  raise  them  from  the  well.  In  removing  this  artificial 
bottom,  pieces  of  the  brass  pump  weighing  three  pounds,  and  strips  of 
the  sheet-iron  pipes ,  were  taken  from  the  well.  The  gunny  bajrs,  canvas, 
and  old  rope  employed  in  forming  this  bridge,  when  extracted  from  the 
weU,  emitted  a  fearful  stench,  and  we  had  to  use  disinfecting  fluids  and 
deodorizers,  or  the  workmen  could  not  have  remained  at  work  around 
the  well-hole.  This  proved  that,  notwithstanding  all  our  x)recaution8, 
the  foul  water  from  the  bottom  of  the  well  had  forced  its  way  up 
through  this  mass  and  impregnated  the  tissues  of  these  fabrics. 

This  drilling  and  pumping  occupied  five  men  two  hundred  hours,  and 
the  well  was  cleared  out  to  a  depth  of  .1,028  feet;  that  is,  68  feet  below 
the  bottom  of  8-inch  casing.  We  had  to  make  a  new  pump  to  do  this 
work,  and  in  making  it  we  improved  on  the  old  pattern.  Two  hundred 
feet  of  9-inch  casing  were  repaired  and  replaced  by  pressure  in  the  well 
to  preserve  its  walls,  and  we  commenced  to  form  a  new  bridge  at  the  bot- 
tom of  8-inch  pipe,  thus  making  the  false  bottom  68  feet  thick,  and 
using  for  it  cement  and  sand-rock  hammered  down.     An  attempt 


was  made  to  employ  a  wooden  plug,  expecting  that  when  it  reached 
its  position  it  vould  absorb  the  water  and  increase  in  size,  so  as  to 
entirely  fill  up  the  barrel  of  well  and  make  a  hermetically-sealed  bottom 
w  bridge  between  the  good  and  bad  water.  This  wooden  plug  proved 
such  an  excellent  absorbent  that  it  became  too  large  Inifore  it  reached 
the  bottom  of  8-iuch  pipe,  and  was  immovable.  We  broke  it  in  pieces, 
after  losing  sixty  hours  work 

byourfetilure,andthuscleared   ''  ^^"  *^ 

the  well.  In  pumping  the  well 
out  we  met  with  several  acci- 
dents, on  one  occasion  leaving 
the  pump  in  the  well,  and  in 
order  to  extract  it  we  made  a  tool,  which  might  be  called  a  sand-pump 
hook.  The  latter  consisted  of  three  prongs,  each  a  spring  with  points 
turned  inwards  at  the  bottom.  By  pressing  this  down  one  of  the  prongs 
would  catch  the  ball  of  the  pump,  and,  once  caught,  the  latter  could  not 
escape  from  the  grasp  of  the  tool,  on  account  of  the  position  of  the  hooks 
at  the  end  of  the  other  prongs.  We  had  to  "raise  some  of  the  interior 
casings  to  repair  them,  and  in  order  to  do  this  we  made  a  new  tool,  call- 
ing it  a  casing  spear  or  pipe  extractor.  This  tool  was  circular,  and  the 
holding  part  was  a  wedge  the  circular  surface  of  which  was  serrated. 
The  wedge  worked  vertically,  having  a  slot  in  it  and  being  confined  to 
the  tool  by  a  bolt  passing  through  the  slot  in  wedge.  When  the  tool 
reached  its  position  in  the  pipe  to  be  raised,  the  wedge  slid  down  as 
the  tool  was  raised  until  the  bottom  of  weilge  rested  against  the  shoul- 
^r  of  the  tool  and  acquired  a  fixed  position.  The  new  position  of  the 
wedge  increased  the  diameter  of  the  tool,  and  the  serrated  edges  of  the 
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cinuilar  surface  of  wedge  were  forced  into  the  pipe.    Tbe  hold  thus 
obtained  on  the  interior  of  pipe  enabled  us  to  raise  it  from  well.    The 

bottom  being  formed,  we  at- 
tempted to  make  well-hole  true 
and  to  force  out  the  sides  of  pipe 
which  had  collapsed,  employ- 
ing for  this  purpose  a  swedge 
7|  inches  diameter,  but  we 
found  we  could  not  force  thin 
down  below  720  feet.  We, 
therefore,  reduced  the  size  of 
this  tool  to  7|  inches,  and  fi- 
nally succeeded  in  putting  it 
through  8  inch  pipe. 
Preparations  were  then  made 
to  carry  out  the  the  design  of  explo<ling  a  cartridge  in  well-hole  and 
putting  in  a  pipe  with  hermetically-sealed  joints  to  keep  the  water  from 
escaping  before  it  reached  the  surface. 

In  selecting  our  explosive  for  the  torpedo  we  had  to  consider  the  follow- 
ing facts,  namely,  that  no  common  carrier  would  transport  nitro-glycer- 
ine  in  its  liquid  state,  and  that  to  manufacture  it  here  would  be  tiyo 
expensive;  therefore  we  concluded  to  use  some  of  its  dry  compounds, 
which  were  less  explosive  and  which  the  railroad  company  was  willing 
to  transport.  This  determination  would  seem  an  immaterial  one,  but  it 
involved  much  more  trouble  than  we  anticipated.  When  uitro  glycer- 
ine is  used  the  cartridge  case  is  tilled  with  a  liquid  and  the  outward 
pressure  against  the  inside  surface  of  the  cartridge-case  is  equal  to  that 
of  the  water  on  the  outside  of  it. 

In  resolving  to  employ  a  solid  explosive  we  had  to  prepare  a  cartridge- 
case  strong  euougli  to  resist  450  pounds  pressure  of  water  to  the  square 
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inch,  and  the  material  used  for  it,  with  its  joints,  had  to  be  impervious 
to  water  under  such  a  pressure.  We  made  a  cartridge-case  of  heavy  tin, 
such  as  is  used  in  the  oil  regions  of  Pennsylvania  (see  accompanying 
sketch),  S  being  the  cartridge-case;  F,  funnel  for  charging  shell;  P, 
plunger;  G,  guide;  K,  small  steel  hammers;  G,  percussion  caps;  W, 
weight  to  drop  from  above  down  steel  wire,  which  impinges  on  plunger 
and  fires  caps  by  means  of  the  three  steel  hammers  in  fuse  tree  to  move 
vertically.  We  tested  this  case  by  filling  it  with  well-rammed  dry  sand 
and  immersing  it  to  the  proper  depth  in  well.  On  withdrawing  it  we 
found  that  the  outside  pressure  had  been  great  enough  to  bend  in  the 
sides,  and  in  several  places  the  water  had  burst  open  the  seams,  and 
the  sand  which  filled  it  wa«  perfectly  saturaited  with  moisture.  While 
we  were  fabricating  another  cartridge-case,  900  feet  of  2  inch  pipe  was 
screwed  together  on  the  ground  and  tested  as  to  whether  it  would  stand 
the  pressure  of  the  water  in  the  well  at  a  great  depth.  A  cartridge-case 
was  made  of  a  -i-inch  wrought  iron  water-pipe  by  shrinking  two  wrought- 
iron  rings  on  its  extremities;  threads  were  cut  in  these,  and  a  cast-iron 
bottom  wiis  made  to  screw  on  to  barrel.  The  top  was  of  brass  and  con- 
fined by  a  wrought-iron  clamp  tightened  by  thumb-screws.  India-rubber 
gaskets  were  placed  where  tbe  top  and  bottom  touched  edge  of  pipe. 
The  brass  cap  was  perforated  in  center  for  water-tight  fuse-plug,  through 
both  of  which  the  insulated  wire  parsed.    This  cartridge  was  loaded 
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with  25  ]>ouud8  of  the  highest  power  of  dynamite,  and  7  pounds  of  rifle 
powder,  the  latter  confined  in  an 
oiled- silk  cartridge-bag  and 
placed  on  top  of  the  dynamite. 
The  two  Frankfonl  magnetic 
primers,  connected  by  a  wire, 
were  inserted  in  the  rifle  ])owder, 
and  the  edges  of  the  oiled-silk 
silk  bag  brought  finidy  together 
over  them  and  tied,  and  one  of 
the  wires  from  the  primers  being  connected  by  means  of  a  second  wire 
with  a  metal  button  cm  the  under  side  of  tlie  cartridge  cap.  The  insulated 
wire  from  the  other  primer  passed  up  through  the  watertight  fuse-plug 
to  the  top  of  the  well,  and  the  cartridge  wa«  lowered  by  a  steel  wire  rope 
to  its  ])osition.  Another  steel  wire  was  weighted  with  a  large  piece  of 
iron  and  lowered  about  100  feet  in  the  well.  The  wire,  wit;h  weight,  was 
attached  to  the  steel  wire  rope,  by  which  we  lowered  the  cartridge,  and 
the  magnetic  wire  was  fastened  to  this  last,  and  attached  to  the  nearest 
|K)le  of  the  battery,  which  consisted  of  twelve  cells.  The  insulated  wire 
direct  from  the  cartridge,  which  passed  up  thixmgh  the  water,  and  a 
wire  attached  to  the  further  end  of  the  battery  were  led  some  distance 
outside  of  the  well-house.  At  a  given  signal,  when  all  was  ready,  the 
ends  of  the  two  wires  were  brought  together  and  the  contents  of  the 
cartridge  was  exploded.  The  effect  of  this  explosion  was  scarcely  heard 
and  not  felt  at  all  at  the  mouth  of  the  well,  but  a  sensible  shock  and 
trembling  was  experienced  at  the  old  shops  near  the  wharf  and  at  the 
officers'  quartos,  and  even  at  the  garrison,  Benicia  Barracks,  on  the  hill. 
A  large  amount  of  gas  appeared  at  the  well  hole  on  the  surface  of  the 
water,  and  the  displacement  of  subterraneous  strata  must  have  been 
very  great.    The  fuse  used,  which  proved  perfectly  water-tight,  deserves 


A.  Bran  plug. 

B.  Brant  cap. 

C.  Brtu$  tube  or  packer  extending  through  cap  B. 

D.  Bubber  tube  for  packing  cable. 

to  be  described  here.  It  was  made  of  brass  and  consisted  of  two  parts, 
a  shank  and  a  top.  The  latter  was  screwed  into  the  top  of  the  cartridge- 
case,  with  a  shoulder,  which  pressed  against  an  India-rubber  gasket 
between  the  bottom  of  the  shoulder  and  the  top  of  the  cartridge-case, 
when  the  fuse  was  screwed  into  position.  There  was  an  interior  shoul- 
der to  the  shank  of  the  fuse,  on  which  rested  an  India-rubber  cylinder. 
A  brass  inverted  cap  was  screwed  on  to  the  outside  of  the  top  of  shank, 
compressing  the  India-rubber  cylinder,  so  as  to  fill  up  the  whole  space 
Jeft  between  the  sidt»s  of  the  shank  and  the  insulated  wire  which  passed 
up  through  shank,  India-rubber  cylinder,  and  cap,  the  cross-section  of 
this  cap  i)eing  an  octagon. 

We  have  been  occupied  ever  sincoin  cleaning  out  the  well,  and  cannot 
prophesy  anything  at  present  in  regard  to  any  permanent  advantage 
which  may  result  from  our  experiment,  although  there  is  a  greater 
amount  of  gas  obtained,  and,  we  hope,  purer  water. 


APPENDIX  11. 

REPORT  OF  PRINCIPAL  OPERATIONS  AT  THE  PICCATINNY  POWDER  DE- 
POT DURING  THE  YEAR  ENDING  JUNE  '30,  1881,  MAJOR  F.  H.  PARKER 
COMMANDING. 

In  order  to  make  iutelligible  and  to  present  in  a  consecutive  manner 
the  operations  carried  on  and  the  work  accomplished  during  the  fiscal 
year,  it  is  necessary  briefly  to  refer  to  the  condition  of  afi^airs  connected 
with  the  establishment  of  this  new  ordnance  post  previous  to  July  1, 1880. 

After  searches  and  examinations  of  tracts  of  land  for  the  establish- 
ment of  a  poii^der  depot  situated  on  the  various  railroad  lines  and  water- 
ways around  New  York  had  been  reported  on,  a  board  of  officers  was 
appointed^  November  7, 1879,  to  decide  on  the  most  suitable  one.  Owing 
to  delays  in  the  proceedings  of  the  board  and  to  time  occupied  in  vain 
efforts  to  secure  tracts  on  the  Hudson  River  with  the  small  appropria- 
tion which  had  been  given  for  the  purchase  of  laud,  the  selection  of  this 
tract  was  only  made  and  ai>proved  March  16,  1880,  and  negotiations 
for  its  purchase  immediately  commenced.  The  consent  of  the  State  leg- 
islature being  re(iuired,  and  the  end  of  the  legislative  session  being 
near  at  hand,  it  was  necessary,  in  order  to  save  the  appropriation  from 
reverting  to  the  Treasury  at  the  end  of  June,  to  close  in  haste  the  bar- 
gain with  the  owner  of  the  larger  part  of  the  land,  the  price  of  which 
regulated  that  of  the  other  portions,  and  to  secure  without  delay  the 
passage  of  the  act  giving  the  consent  of  the  Stat«  to  the  purchase.  A 
longer  time  to  act  in  would,  doubtless,  have  obtained  the  land  at  a  less 
price. 

On  the  Ist  of  July,  1880,  an  appropriation  of  $50,000  became  avail- 
able, $18,500  of  which  was  allowed  to  be  expended  for  additional  land. 
There  was  actually  so  expended  $17,750,  leaving  a  balance  of  $32,250 
of  the  appropriation  to  pay  expenses  of  searching  titles,  surveying  and 
max)ping  tract,  closing  old  town  roads  and  opening  new  roads,  making 
plans  and  drawings,  commencing  first  magazine  and  all  expenses  inci- 
dent thereto,  including  additional  buildings  for  storage,  shop  work,  and 
quarters  for  employes,  and  for  tools,  implements,  horses,  and  vehicles. 

No  work  could  be  commenced  until  the  purchase  of  at  least  a  portion 
of  the  land  was  fully  consummated  and  the  title  vested  in  the  United 
States,  although  the  agreement  to  buy  it  was  made  and  the  searches  of 
title  required  by  law  were  in  progress.  The  delay  and  expense  occa- 
sioned by  the  Department  of  Justice  in  searching  and  passing  upon  the 
titles  of  the  five  different  properties  of  which  the  whole  tract  is  com- 
posed was  far  beyond  what  was  anticipated.  It  was  only  on  the  15th 
of  March,  1S81,  about  a  year  after  this  tract  was  selected  and  negotia- 
tions were  first  opened  for  its  purchase,  that  the  legal  formalities  were 
terminated  and  the  last  of  the  purchases  was  pronounced  ready  to  be 
completed  by  the  payment  of  the  purchase  money ;  meanwhile,  there 
being  no  absolute  certainty  that  the  different  titles  undergoing  scrutiny 
would  be  found  entirely  satisfactory,  operations  were  in  consequence 
more  or  less  impeded. 

The  survey  of  the  tnict  was  commenced  March  30,  1880,  the  work  of 
which  was  laborious  and  slow,  owing  to  the  rough  and  difficult  character 
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of  the  country  over  which  the  lines  were  ruu;  steep,  rocky  mountains, 
valleys,  streams,  lake,  thick  woods,  and  brash  intervened,  and  the 
greatest  difficulty  existed  in  finding  old  corners;  when  they  were  found 
and  agreed  upon  by  the  adjacent  owners,  they  were  accepted  and  run 
to,  bat  where  they  "could  not  be  found  the  lines  were  run  by  the  old 
deeds,  such  allowance  being  miide  for  the  variation  of  the  needle  as  was 
fonnd  to  exist  on  those  courses  where  the  old  corners  were  undisputed. 
The  tract  is  irregular  in  shape;  there  are  many  sides;  some  of  the  courses 
are  long,  and  the  distances  seldom  agreed  with  those  given  in  the  old 
deedK,  the  surveys  for  which  were  carelessly  made,,  so  that  altogether 
it  was  a  vexatious  and  slow  operation  to  complete  the  surveys  of  the 
different  properties,  make  them  close,  inclose  only  the  land  to  be  pur- 
chased, calculate  the  areas,  and  satisfy  the  owners.    Maps  of  all  the 
separate  purchases  were  made  for  file,  and  ^ere  furnished  to  the  United 
States  district  attorney  for  use  in  searching  titles;  also  consolidated 
maps  of  the  whole  tract.    These,  however,  were  only  outline  maps,  and 
it  was  necessary  to  proceed  to  the  work  of  making  a  detailed  topograph- 
ical map  on  a  large  scale  which  would  be  pernmnent  and  of  the  great- 
est value  in  the  future  in  building  up  the  post.    Tield  work  on  this  was 
continued  while  the  weather  permitted,  and  work  on  the  map  in  office 
during  the  winter,  when  other  more  pressing  work  allowed.    The  most 
important  part  of  the  map  is  finished,  but  some  work  is  yet  to  be  done 
to  complete  it.    The  surveys  and  maps,  as  well  as  the  drawings  pertain- 
ing to  the  buildings,  were  made  by  Mr.  H.  !N".  Babcock,  civil  engineer. 

A  general  plan  of  the  depot  composing  the  future  location  of  the  build- 
ings, roads,  &c.,  was  submitted  and  approved,  to  be  worked  in  the  future, 
subject  to  such  changes  in  det^iils  as  experience  might  show  to  be  advis- 
able. 

Before  commencing  work,  it  was  necessary  to  procure  a  plant  of  tools, 
im]>lements,  draught-animals,  vehicles,  &c.,  and  to  put  up  structures  in 
which  to  live  and  to  work  and  to  store  materials. 

Accessory  buildings. — The  farm-houses  and  other  buildings  on  the  place 
were  of  tlio  poorest  description,  old  and  dilapidated ;  they  have,  however, 
all  been  in  use.  A  small  frame  office,  a  small  store-house,  tool- houses^ 
blacksmith  shops,  and  a  dwelling-house  for  the  superintendent  of  me- 
chanics and  laborers  have  been  built.  An  old  building  has  been  turned 
into  a  carpenter  shop  and  lumber  storehouse.  The  stables  and  other 
buildings  have  been  repaired  and  some  of  the  poorest  torn  down  and  re- 
moved. The  most  expensive  and  important  of  those  built  is  the  quar- 
ters for  the  superintendent.  It  was  at  first  intended  to  repair  the  best 
of  the  farm-honses  for  the  puipose,  but  upon  examination  it  was  found 
that  little  would  be  saved  by  the  attempt,  and  that  only  at  the  loss  of 
comfort  and'convenience.  It  therefore  became  necessary  to  build  anew, 
and  a  plain  but  convenient  frame  house  has  been  built,  which  will  fur- 
nish conifoitable  quarters  for  the  occupant  and  his  family.  The  esti- 
mated cost  was  $1,500,  but  owing  to  the  extremely  severe  winter  weather, 
unfavorable  to  any  kind  of  building  work,  it  considerably  overran  that 
sum,  and  took  much  longer  to  build  than  was  anticipated. 

Roads. — ^The  plans  anticipate  the  building  of  miles  of  new  roads 
through  the  grounds,  and  the  repair  and  improvement  of  miles  of  old 
road.  But  only  so  much  of  the  old  road  wa«  improved  as  was  neces- 
sary to  facilitate  hauling,  and  the  only  new  road  built  was  about  one 
and  a  half  miles  to  the  quarries.  The  old  road  was  improved  by  clear- 
ing out  l>owldei*s  and  stones,  ditching  and  building  small  culverts  and 
bridges  where  needed,  and  making  the  road-bed  with  a  thick  layer  of 
grav(  I.    About  two  miles  of  this  was  completed,  but  in  time  the  bed 
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will  have  to  be  widened.  The  new  road  was  bnilt  in  the  same  manner, 
and  although  wide  enough  for  present  nse,  will  also  have  to  be  widened. 
To  shorten  the  distance  of  the  drive  to  and  from  Port  Oram  and  Dover, 
and  thus  facilitate  and  cheapen  the  hauling  of  material  into  the  pow^der 
depot,  it  is  designed  to  build  a  wagon-roacl  on  the  east  side  of  the  val- 
ley to  the  Dover  turnpike,  passiug  a  distance  of  more  than  a  mile  through 
adjoiuiug  property.  Negotiations  for  the  right  of  way  were  opened, 
and  after  considerable  difficulty  and  time  it  was  obtained,  and  a  strip  of 
land  50  feet  wide  was  secured  for  the  purpose  of  a  road.  The  road  will 
be  built  by  degrees  as  time  and  money  permit.  It  was  also  part  of  the 
plan  to  close  a  town  road  running  through  the  middle  of  that  part  of 
the  tract  reserved  for  magazines.  This  required  compliance  with  the 
State  law  in  such  cases  made  and  provided,  viz,  a  petition  to  the  county 
court  of  ten  freeholders  of  the  town,  posting  notices,  advertising  the 
proposed  closing  of  the  road  for  a  period  of  ten  days,  ordering  by  the 
court  a  survey  by  the  town  surveyors,  posting  their  favorable  decision, 
and  its  filing  in  the  county  clerk's  office,  all  of  which  was  done,  the  road 
vacated  and  made  a  i)rivate  road  entirely  under  our  control. 

Railroad, — The  remoteness  of  the  powcler-depot  tract  from  rail  or  water 
communication  was  the  principal  objection  to  its  selection,  and  the  selec- 
tion was  made  with  the  understanding  that  we  should  build  a  branch 
railroad  to  Port  Oram,  a  distance  of  three  miles,  to  connect  with  the 
Delaware,  Lackawanna  and  Western  Railroad,  the  High  Bridge  Branch 
of  the  Central  of  New  Jersey,  and  with  the  Morris  Canal,  thus  gi\ing 
complete  rail  communication  in  all  directions  for  receiving  and  issuing 
all  buihling  material  and  powder. 

During  the  winter  a  proposition  was  made  by  responsible  railroatl 
men  to  build  a  road  from  Port  Oram  through  the  powder-depot  land  to 
connect  with  the  Midland  Railroad  of  New  Jersey,  and  by  it  with  other 
northern  roads,  provided  some  assistance  would  be  given  by  the  United 
States.  It  was  proposed  by  them  that  one-half  of  the  expenses  of 
building  the  road  through  the  government  land  should  be  borne  by  the 
United  States,  in  consideration  of  which  they  were  to  build  and  operate 
the  road,  giving  the  United  States  certain  privileges.  The  carrying  out 
of  this  would  have  been  of  the  greatest  value  to  the  powder  depot,  and 
a  saving  of  expense  to  the  government.  The  scheme  was  submitted 
and  efforts  made  to  get  the  necessary  appropriation  from  Congress,  but 
were  not  attended  with  success.  If  no  railroad  is  built  into  the  powder 
depot,  its  value  to  the  service  will  be  very  much  diminished,  and  the 
building  up  of  the  post  will  be  slow,  laborious,  _and  costly.  If  the 
government  itself  builds  a  branch  from  Port  Oram7it  wiU  necessitate  a 
considerably  greater  expenditure  than  required  by  the  above  scheme ; 
and  if  a  railroad  company  should  build  a  branch  in  at  its  own  expense 
to  take  our  freight,  its  rates  will  necessarily  be  very  high,  and  it  will  at 
best  be  but  a  poor  substitute  for  the  through  line. 

Grounds. — Clearing  land  of  timber  and  brush  has  progressed  to  a 
limited  extent;  the  unusually  severe  winter  weather  almost  suspended 
out-of-door  labor,  and  the  deep  snow  was  unfavorable  to  a  proper  prose- 
cution of  cutting  timber.  About  50  acres  have  been  cut  off  on  tho 
magazine  part  of  the  reservation,  but  the  stumps  have  not  been  grubbed 
nor  the  brush  cleared  away ;  some  old  ditches  for  draining  have  been 
cleared  out  a"nd  new  ones  cut,  but  the  draining  to  be  done  in  the  future 
is  a  work  of  considerable  magnitude.  About  30  tons  of  hay  were  cut, 
made,  and  stored  last  summer,  which  has  gone  far  toward  feeding  the 
public  animals  during  the  year,  and  this  year  sufficient  corn  and  oats 
have  been  planted  to  supply  our  wants  in  that  respect  during  the  com- 
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iug  year.  Many  acres  have  also  been  seeded  down  for  meadow  land* 
Twenty-two  masonry  monuments,  to  permanently  mark  the  boundaries 
of  the  government  tract,  have  been  built  at  the  principal  outside  corners, 
which,  in  some  cases,  was  a  work  of  considerable  difficulty,  it  being  nec- 
essary to  carry  material  on  mule's  back  to  the  points  on  the  mountains 
inaccessible  by  other  means  of  transportation. 

The  magazine. — Plans  and  drawings  of  the  magazine  were  made  in 
this  office  and  approved  by  the  department.  On  the  16th  of  September, 
1880,  a  part  of  the  land  having  been  purchased,  work  was  commenced 
in  digging  the  foundation  of  the  first  magazine.  The  building  being 
200  feet  by  50  feet  in  plan,  with  a  6  feet  basement,  considerable  excavat- 
ing was  required.  After  having  cleared  to  the  depth  of  about  7  feet, 
the  question  of  the  security  of  the  foundation  arose  and  necessitated 
deeper  searching  into  the  substrata  to  determine  their  character  and 
ability  to  prevent  settling.  Having  no  arrangements  for  boring,  recourse 
was  had  to  digging  some  20  feet  to  water,  and  until  it  was  found  that 
by  going  lower  we  would  be  no  more  secure,  unless  a  false  foundation 
of  concrete  and  stone  was  laid  at  great  expense.  Moreover,  it  was  de- 
cided tLat  the  stratum  of  hard  gravel  which  had  been  found  at  a  depth 
of  7  feet,  and  which  varied  in  thickness  from  5  to  8  feet,  having  under- 
lying it  thin  strata  of  sand  and  thicker  strata  of  gravel,  w^ould,  if  the 
ibundation  walls  and  piers  were  spread  out,  prove  sufficiently  stable. 
Therefore  3  feet  below  the  cellar  floor  on  this  gravel  bed  the  subfounda- 
tion  walls  and  piers  were  spread  out  to  6  feet,  upon  which  the  3  feet 
foundation  walls  and  piers  were  built. 

The  foundation  of  the  building  to  and  including  the  water-table  is  of 
stone  quarried  on  the  ground.  The  Green  Pond  Mountains  are  composed 
of  a  conglomerate  or  pudding-stone  peculiar  to  them,  and  found  nowhere 
else.  Glacial  action  has  distributed  its  bowlders  over  a  cx)nsidei  able 
extent  of  country,  as  far  east  as  the  Hudson  River,  and  it  has  been 
nse/d  to  some  slight  extent  in  building  at  different  places,  making  a 
showy  and  durable  structure,  and  it  was  the  intention  to  use  it  for  this 
foundation,  more  particularly  because  great  quantities  of  it  are  found 
as  loose  dSoria  along  the  foot  of  the  mountain,  in  all  sizes,  from  small 
blocks  to  large  bowlders,  and  it  was  thought  that,  being  so  conveniently 
at  hand,  it  could  be  inexpensively  used.  We  therefore  selected  a  near 
convenient  spot,  and  commenced  getting  out  the  loose  stone  and  laying 
the  subfoundation.  But  a  certain  amount  of  trimming,  splitting,  and 
cntting  was  required,  even  for  this  rough  masonry,  and  it  was  very 
soon  found  that  the  attempt  to  work  it  ever  so  roughly  was  laborious  and 
expensive,  and  that  for  any  part  that  required  regular  dimensions  it 
was  entirely  unsuitable.  It  was,  therefore,  necessary  to  i)rospect  for 
an  easier-worked  stone.  It  was  known  that  granite  cropped  out  in 
some  few  spots  on  the  reservation,  and  after  search  a  ledge  of  it  was 
found  on  the  opposite  hills,  which,  although  hard  to  cut,  turned  out  to 
be  suitable  building-stone.  Two  quarries  were  opened  about  a  mile 
from  the  magazine,  and  roads  built  to  them.  The  conglomerate  was 
abandoned  and  considerable  stone  was  taken  from  out  these  quarries, 
and  hauled  and  built  in  the  foundation,  and  a  good  deal  cut  for  corners, 
sills,  and  door  jams.'  The  stone  was  laid  in  pure  cement  mortar,  part 
Bosendale  and  part  Baylor's  anchor  brand,  from  Allentown,  Pa.,  where, 
after  a  careful  examination  of  the  cement  market,  it  was  found  that  a 
suitable  article  could  be  procured  at  lowest  rates.  The  work  continued 
under  these  disadvantages  until  the  1st  of  December,  when  the  cold 
weather  put  a  stop  to  it,  and,  although  it  was  desired  to  continue  cutting 
stone  during  the  winter,  and  would  have  vastly  progressed  the  work  if  we 
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could  have  done  so,  the  small  amount  of  money  left,  and  the  necessity 
of  providing  for  demands  upon  it  expected  to  arise  before  the  end  ot 
the  hscal  year,  obliged  me  to  discontinue  all  stone  .work.  It  was,  how- 
ever, thought  advisable  to  contract  for  during  the  winter,  and  have  de- 
livered during  the  spring,  the  iron  work  completed  for  the  building. 
This  consisted  of  floor-beams,  ceiling-beams,  columns,  roof  trusses,  doors, 
window^H,  &c.,  all  made  up  ready  to  put  in  the  building.  Drawings  were 
therefore  made  of  the  details  of  the  iron  parts,  proposals  advertised  for, 
and  the  contract  awarded  to  the  Passaic  EoUing  Mill  Oomx>any,  of  Pat- 
erson,  N.  J. 

There  was  laid  8,500  cubic  feet  of  foundation ;  and  458  cubic  feet  of 
stone  was  cut  for  the  water-table  and  other  trimmiugs.  It  was  the 
intention  to  concentrate  the  money  on  the  magazine  as  much  as  possible, 
and  to  push  that  at  the  expense  of  everything  else,  and  it  is  regretted 
that  the  building  could  not  have  been  further  advanced,  but  circum- 
stances were  adverse,  and  other  matters  imperatively  demanded  atten- 
tion and  expenditure  of  money. 

In  the  spring,  on  the  4th  of  May,  we  recommenced  hauling  stone  from 
the  quarries,  and  on  the  1st  of  June,  we  recommenced  cutting,  and  have 
continued  both  to  advantage  since.  The  iron  work  was  delivered  at 
Port  Oram  according  to  contract,  and  hauled  by  us  to  the  magazine 
from  time  to  time  as  it  was  completed  and  inspected.  It  is  therefore 
now  on  hand,  as  well  as  quite  a  supply  of  cement  and  a  large  quantity 
of  stone  on  the  ground,  and  a  good  deal  of  the  dimension  stoue  cut;  and  it 
is  hoped  that  we  shall  be  able  to  cover  in  the  building  this  season,  not- 
withstanding the  usual  vexatious  delay  of  being  obliged  to  wait  till  the 
•  middle  of  the  working-season  for  funds  with  which  to  prosecute  the  work. 

REMARKS. 

The  result  of  this  year  has  been  to  give  us  a  good  start  in  the  work  of 
building  the  powder  depot,  and  its  experience  has  been  rich  in  develop- 
ing a  knowledge  of  facts  for  our  guidance.  Perhaps  the  most  salient  of 
these  facts  is  the  utter  inadequacy  of  so  small  an  annual  appropriation 
as  $50,000  to  economically  and  vigorously  prosecute  the  building  up  of 
a  powder  depot  in  this  locality.  The  work  is  of  a  costly  nature,  and 
so  small  a  sum  can  go  but  a  little  way  toward  forwarding  the  work  to 
completion.  As  far  as  I  can  judge,  it  will  mostly  be  expended  in  a  few 
mouths,  and  the  work  will  have  to  lie  idle  the  remainder  of  the  year. 
The  expense  of  overseeing,  &<5.,  and  of  the  permanent  force  necessary 
to  be  kept  throughout  the  year,  is  as  great  for  the  small  amount  of  work 
done  during  these  few  months  as  if  a  large  force  was  at  work  during  the 
whole  year. 

Besides  building  the  large  magazine  store-houses  and  other  necessary 
accessory  buildings,  there  is  a  great  deal  of  work  to  be  done  to  put  in 
proper  cx>ndition,  beautify,  and  keep  in  order  the  extensive  grounds. 
Mileh  of  roads  are  to  be  made  and  fences  and  walls  to  be  built.  Acres 
of  land  are  to  be  drained,  both  by  ditching  and  laying  underground 
porous  tile  drain-pipe.  The  brook  running  through  the  valley  should 
be  straightened,  and  at  its  outlet  from  the  valley,  where  it  is  pinched  up 
and  obstructed,  it  should  be  blasted  out  and  widened.  A  comparatively 
small  expense  here  would  reclaim  much  of  the  swamp  laud  and  change 
the  whole  character  of  the  valley.  Much  land  is  to  be  cleared,  and  some 
low  land  which  cannot  be  drained  should  be  filled. 

The  water-power  from  Green  Lake  and  Denmark  Pond  should  be  pur- 
chased with  what  little  land  is  necessary  to  properly  develop  and  arrange 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  79 

• 

it  for  poTrder  mills,  and  work  should  be  commenced  toward  beginning  the 
establishment  of  a  small  experimental  powder  factory.  But  paramount 
tOy  and  of  more  immediate  necessity  than  all  these  wants,  is  the  want 
of  a  railroad  to  facilitate,  expedite,  and  cheapen  the  operations  to  be 
carried  on  both  in  building  and  for  future  use  of  this  depot  of  supplies. 
My  annual  estimate  herewith  shows  what  work  in  my  opinion  should 
be  prosecuted  next  year. 

The  estarblishment  of  a  powder  depot  in  this  remote  spot  is  in  the 
nature  of  an  experiment;  it  may  be  made  a  success  and  a  credit,  or  it 
may  easily  be  made  a  failure  and  a  discredit  to  the  department  and 
a  reproach  to  those  who  located  it.  In  order  to  compass  the  former  and 
avoid  the  latter  result,  liberal  appropriations  and  active  interest  should 
sustain  the  efforts  of  those  having  immediate  charge  of  the  work. 


APPEIsIDIX  12. 

EEPORT  OP  THE  PRINCIPAL  OPERATIONS  AT  THE  FRANKFORD  ARSENAL, 
PENNSYLVANIA,  DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  IBbl,  MA- 
JOR S.  C.  LYFORD,  COMMANDING. 

[Seven  plates.  J 

MISCELLANEOUS   OPERATIONS. 

». 

The  most  important  miscellaneous  work  done  during  the  yearembraces 
the  following: 

3,528  square  yards  of  walks  and  roads  covered  with  gravel  and  broken 
stone. 

1,574  square  yards  of  grass  grounds  graded  and  renewed. 

378  square  yards  of  brick  pavement  laid  and  repaired. 

The  outside  and  inside  of  many  of  the  public  buildings  have  been 
painted,*  from  one  to  three  coats,  as  was  necessary  in  each  case.  Re- 
duced to  one  coat,  the  whole  surrace  covered  amounts  to  12,726  square 
yards.    This  includes  the  following  buildings : 

The  married  soldiers'  quarters. 

The  first  sergeant's  quarters. 

The  hospital. 

The  niter  store-house. 

New  and  old  fences  have  been  painted  when  necessary.  The  whole 
surface  covered,  reduced  to  one  coat,  equals  3,499  square  yards. 

Indispensable  repairs  to  the  woodwork  of  the  buildings  have  been 
made. 

346  square  yards  of  new  fencing  have  been  erected. 

127  square  yards  of  wood  ceiliug  put  up  in  paint  shop. 

314  square  yards  of  sheds  for  coal,  &c.,  built. 

162  feet  of  iron  sewer  pipe  laid. 

627  feet  of  terra-cotta  sewer  pipe  laid. 

1,837  feet  of  iron  water  pipe  laid. 

160  feet  of  lead  water  pipe  laid. 

1,197  feet  of  gas  pipe  laid. 

250  feet  of  steam  pipe  laid. 

The  fire  apparatus  and  regulations  have  been  overhauled. 

Id  this  connection,  the  keys  of  all  buildings  have  been  arranged  on 
racks,  and  labeled,  so  as  to  be  readily  accessible  to  watchmen,  and  the 
doors  of  buildings  corresi)ondingly  marked,  to  facilitate  operations  in 
case  of  fire  at  night. 

22.951  cartridges  have  been  fired  in  test  of  daily  work,  inspection  of 
powder,  and  experiments  generally. 

!No  casualties  of  any  im])ort4;ince  occurred. 

The  shop  fixtures,  elevators  and  other  appliances,  have  been  over- 
hauled and  repaired. 

A  wind  vane,  anemometer,  and  self-registering  anemograph  have  been 
put  in  position,  and  electrical  connection  established  between  them. 

The  office,  shops,  and  proof  house  have  been  connected  by  telephone, 
and  electrical  call-bells  put  into  the  office,  storehouse  D,  guard-house,. 
80 
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Ac.,  all  of  which  are  valuable  aids  to  the  prompt  and  easy  execution  of 
public  business.. 

Shields  and  masks  have  been  provided  ft>r  the  target  range  to  stop 
stray  bullets,  and  render  the  experimental  firing  safer,  and  less  liable 
to  interruption. 

The  quarters  lately  occupied  by  the  first  sergeant  have  been  altered 
to  accommodate  four  families,  giving  three  rooms  to  each;  and  assigned 
to  married  soldiers. 

A  portion  of  the  ground  in  rear  of  the  hospital  has  been  fenced  in,  to 
fbmn  a  yard,  and  an  earth  closet  erected  therein  for  the  use  of  the  hos- 
pital steward  and  matron. 

The  stables  have  been  altered  to  provide  for  the  three  horses  sent 
from  Wa^in^n  arsenal ;  and  the  facilities  for  storing  forage  enlarged 
and  improved. 

A  small  frame  building  has  been  removed  to  a  position  west  of  the 
space  between  the  machine  and  loading  shops,  to  serve  as  an  office  for 
the  officer  in  immediate  charge  of  the  shops. 

The  officer  in  charge  of  ballistic  work  has  his  office  in  the  proof  house. 

The  city  water  has  been  intrmluced  into  the  following  buildings,  and 
the  necessary  connections  made  with  the  main  water  pipe  running 
through  the  grounds,  and  the  system  of  sewers,  and  the  latter  has  been 
extended  and  improved : 

All  the  officers'  quarters. 

The  office  building. 

The  chief  clerk's  quarters. 

The  hospital. 

The  blacksmith  shop. 

Some  alterations  have  been  made  in  the  grounds,  so  far  as  the  situa- 
tion of  the  walks,  roads,  and  grass  surfaces  are  concerned,  which  it  is 
believed  adds  to  their  beauty,  and  decreases  the  expense  of  keeping 
them  in  order. 

These  changes  were  undertaken  principally  with  a  view  of  utilizing 
material,  gravel  and  brick,  which  in  their  old  positions  were  of  little 
use,  if  any. 

By  taking  up  the  bricks  about  the  two  main  store-houses,  a  sufficient 
number  of  good  ones  were  obtained  to  repair  all  of  the  old  walks;  and 
by  the  gravel  and  metal  obtained  from  the  roads  discontinued,  and  the 
roads  renewed,  the  remaining  roads,  to  a  great  extent,  have  received  a 
much-needed  covering. 

The  parts  formerly  in  brick  and  gravel  have  been  sown  with  grass 
seed,  presenting  a  pleasing  appearance  to  the  eye,  and  in  a  year  will  be 
covered  with  a  strong,  firm  sod. 

Sketches  are  appended  illustrating  these  changes. 

ENLARGEMENT  OF  SHOP  SPACE. 

During  the  year  one  of  the  iron-frame  laboratory  buildings  has  been 
moved  to  a  position  north  of  the  carpenter  shop,  and  west  of  the  black- 
smith shop,  to  provide  an  extension  to  the  former,  with  roofed  space 
between  to  permit  the  passage  of  a  cart.  This  gives  a  separate  room, 
free  from  the  noise  and  interference  of  the  wood- working  machinery,  for 
pattern-making  and  other  special  work. 

A  second  iron-frame  laboratory  building  has  been  moved  to  a  position 
east  of  the  loading  shop,  and  all  hand  operations  of  assembling  paper 
boxes,  and  packing  the  cartridges,  &c.,  therein,  transferred  to  it. 

The  space  thereby  gained  in  the  loading  shop  has  been  filled  with  the 
machinery  for  paper  boxes,  transferred  from  the  second  floor  of  the 
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machine  shop,  leaving  in  the  latter  only  the  machinery  for  cartridge 
operations  ap  to  that  of  loading  friction  and  electric  cannon  primers,  and 
printing-presses  and  material. 

In  consequence,  the  supervision  of  paper-box  manufactuife  has  been 
transferred  to  the  foreman  of  the  loading  and  packing  shop,  with  in- 
creased convenience  and  economy  of  labor  and  material;  while  reliev- 
ing the  foreman  of  the  cartridge  case  and  primer  siiop  of  that  duty,  and 
enabling  him  to  devote  his  entire  attention  to  the  details  of  his  proper 
division  of  the  work. 

A  heater  for  feed  water  has  been  procured  and  connected  with  the 
boilers  of  the  shops,  and  a  pump  put  in  to  replace  the  injectors. 

These  appliances  are  in  satisfactory  operation,  and  will  efiect  an  econ- 
omy of  from  15  to  25  per  cent,  of  fuel. 

A  chain  pump  has  been  erected  over  the  well  into  which  the  condensed 
steam  from  the  engine  flows,  to  keep  it  clear  by  discharging  the  water, 
the  ground  having  failed  to  absorb  it,  ajs  was  originally  intended. 

A  small  annealing  furnace  and  retort  have  been  erected,  to  anneal  a 
limited  product  of  cartridge  cases,  with  economy  of  fuel  and  other  ma- 
terial. 

A  crucible  furnace  has  been  arranged,  and  other  facilities  provided 
for  making  small  brass  castings,  using  scrap  metal  from  cartridges,  &c., 
with  economy  and  convenience. 

About  one-third  of  the  basement  of  the  machine  shop  has  been  parti- 
tioned oft'  to  form  a  store-room  for  miscellaneous  shop  supplies,  where 
the  articles,  being  readily  accessible  to  the  workmen,  are  only  issued  in 
quantities  sufficient  for  their  immediate  needs,  by  the  storekeeper,  who 
keeps  a  record  of  the  purpose  they  are  intended  for.  In  his  other 
capacity  as  timekeeper  he  has  a  desk  in  this  apartment,  and  it  is  here 
the  bulk  of  the  records  of  the  shop  order  system  are  kept. 

The  gas-pipe  system  of  the  shops  has  been  extended  and  overhauled 
with  a  view  to  working  ten  hours  daily  throughout  the  year.  If  the 
experiment  of  making. cartridges  by  gas-light  succeeds,  I  purpose  rec- 
ommending the  purchase  of  apparatus  for  generating  gas  from  gasoline, 
and  have  gathered  already  much  information  on  the  subject. 

During  the  year  an  oifer  was  made  by  the  contractor  of  the  engineer 
office  in  Philadelphia  to  supply  dredging  from  the  river  for  filling  the 
lower  grounds  of  the  arsenal,  and  deliver  them  upon  the  creek  embank- 
ment free  of  cost;  but  owing  to  the  weakness  of  the  wall  and  embank- 
ment, it  could  not  l>e  made  available. 

The  present  creek  wall  is  of  loose  stone,  built  upon  the  mud  bottom 
of  the  creek,  and  for  years  past  estimates  and  requests  for  an  appro- 
priation to  rebuild  it  in  a  more  substantial  manner  have  been  submitted. 

It  is  constantly  in  need  of  repairs,  and  is  a  drain  upon  the  moneys 
that  could  be  better  expended  otherwise.  Steps  are  being  taken  to 
improve  the  Frankford  Oreek,  in  the  interest  of  the  manufacturers  here- 
about, and  as  it  has  been  impossible  to  get  an  appropriation  of  the  whole 
amount  necessary  for  a  new  wall,  I  have  this  year  asked  for  a  small 
sum,  in  the  hope  that  a  beginning  may  be  made  upon  the  work.  If 
funds  are  allowed  for  this  purpose,  I  propose  to  build  a  stone  wall  upon 
a  foundation  of  piling,  sunk  below  low-water  mark,  and  by  doing  a  little 
of  the  work  yearly,  in  time  renew  the  whole. 

DESCRIPTION    OP    DARLING,  BROW^N  &   SHARPS'  LEAD    FURNACE  AND 

MACHINE  FOR  HARDENING  TOOLS. 

The  machine  is  designed  to  counteract  the  repulsion  between  heated 
metal  and  water,  by  giving  the  latter  sufficient  motion  to  overcome  the 
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lepolsion,  and  insure  the  perfect  l^ardening  of  the  tools  when  immersed 
in  it. 

The  machine  shown  in  the  accompanying  drawing  (Plate  I)  consists  of 
a  cylindrical  casing,  O,  inclosing  two  smaller  cylinders,  A  and  B.  These 
have  vertical  shafts  with  wings  and  outlets  similar  to  the  ordinary  power 
fan.  The  casing  C  is  filled  with  water.  The-shafts  D  and  E  are  driven  by 
gears  with  the  shaft  Z  in  opposite  directions,  causing  the  water  from 
each  to  impinge  at  O  with  force  according  to  the  speed.  Into  the  vortex 
at  O  the  tool  is  plunged  when  heated  to  the  proper  degree,  and  is  more 
thoroughly  and  perfectly  cooled  and  hardened  than  by  the  ordinary 
means.  In  connection  with  the  machine  is  a  furnace  (Fig.  1)  for  heat- 
ing the  tools  to  be  hardened,  by  means  of  molten  lead  in  the  pot  X.  The 
lead  is  heated  to  the  desired  degree,  and  the  tool  immersed  in  it  until  it 
is  heated  throaghout.  The  lead  being  unitbrm  in  temperature,  the  tool 
is  more  evenly  heated,  and  hardened  better  than  by  other  means. 

SAND-BLAST  PROCESS  FOR  SHARPENING  FILES. 

This  mode  of  sharpening  files  was  introduced  at  this  arsenal  in  April, 
1881.    The  apparatus  is  shown  in  the  accompanying  drawing  (Plate  II). 

The  file  shank  is  secured  in  a  pair  of  tongs,  A,  which  travel  on  a  guide, 
B,  attached  to  the  steam  pipe  C.  Steam  is  admitted  to  the  branch  pipes 
D  and  E,  which  are  inclined  to  the  surface  of  the  file.  The  rubber  tubes 
F  and  6  connect  them  with  the  sand  box  P.  The  steam  draws  the  sand 
up  through  the  tubes,  and  drives  it  against  the  file  teeth.  The  file  is 
kept  in  motion  back  and  forth  to  distribute  the  force  of  the  sand,  and 
uniformly  sharpen  the  teeth.  From  six  to  ten  dozens  of  files  can  be 
fiJiarpened  by  an  expert  hand  in  one  day.  Fuller  details  are  given  in 
the  annexed  circular  of  the  manufacturers. 

THE     FBANKFORD     ARSENAL    MACHINE     FOR     HEADING     SOLID-HEAD 

CARTRIDGES. 

This  machine  is  shown  in  three  accompanying  drawings  (Plates  III, 
IV,  V,  Figs.  1,  2,  3,  and  4). 

The  improvements  it  embodies  on  the  machine  for  folded-head  car- 
tridges, are: 

1.  A  heavy  frame  where  the  line  of  strain  is  below,  not  on  top  of  the 
frame. 

2.  The  bearings  are  cast  solid  to  the  frame. 

3.  The  use  of  keys  X,  Fig.  3,  to  support  the  heading  bunter  H  and 
the  punch  B,  to  relieve  the  thread  of  the  screw  on  the  holder  of  strain, 
and  consequent  yielding  and  wear,  due  to  pressures  of  from  30,000  to 
40,000  pounds,  65  times  per  minute.* 

4.  The  arrangement  of  a  fly  wheel  on  each  side  to  equalize  the  work, 
and  transfer  it  through  the  crank  pin. 

All  parts  of  the  machine  are  made  heav^'  and  strong,  and  with  special 
reference  to  the  area  of  wearing  surfaces.  The  pressure  is  so  dis- 
tributed that  a  cast-iron  connection  on  the  crank  is  used  with  better 
results  than  any  other  metal.  Ko  adjustments  are  used,  except  at  the 
banter. 

To  secure  a  head  concentric,  and  of  uniform  diameter,  the  heading  die 
to  Fig.  2  is  recessed  to  the  minimum  thickness,  and  a  fin  or  bur  is  made 
on  the  headed  shell  K,  Fig.  4.  This  is  afterwards  trimmed  by  a  special 
tool  shown  at  N,  Fig.  4.  This  feature  is  ne^^,  and  gives  a  correctness 
of  form  not  otherwise  attainable. 
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APPENDIX  13. 

EXPERIMENTS  WITH  SMALL-ARMS  HAVING  VARYING  LENGTH  AND 
WEIGHT  OF  BARRELS  AND  CHARGES  OF  POWDER  A.ND  BULLETS,  BY 
CAPT.  JOHN  E.  GREER,  UNDER  THE  DIRECTION  OF  COL.  JAMES  G.  BEN- 
TON, COMMANDING  THE  NATIONAL  ARMORY. 

June  16, 1881. 

Sm :  I  have  the  honor  to  submit  herewith  results  of  trials  at  this 
armory  of  Springfield  rifles,  having  barrels  of  diff'erent  lengths  and 
weights ;  sights  of  various  patterns,  such  as  Springfield  and  Sharps'  peep 
and  globe,  and  ordinary  service,  and  cartridges  with  powder  charges, 
varying  from  70  to  90  grains,  and  bullets  from  405  to  550  grains. 

In  all,  13  different  Springfield  rifles  were  tried,  2  of  them  having 
S})ecial  breech  systems  fitted  to  them,  1  the  Hotchkiss  and  the  other 
the  Sharps. 

In  addition,  a  Sharps'  long  range  was  fired  a  very  limited  number  of 
times  only,  with  a  patched  bullet,  its  chamber  not  being  adapted  to  the 
use  of  the  bullets  prepared  at  this  armory  and  the  Frankford  Arsenal^ 
which  are  of  an  essentially  military  character. 

Data  concerning  the  rifles  and  ammunition  used  are  given  in  the  fol- 
lowing table : 


Rifle. 


Kind. 


No.   1.  Springfield,  special  — 

No.  2.  Springfield,  special  — 

No.   3.  Sprin<>; field,  special 

No.   4.  Springfield,  special 

No.   5.  Springfield,  long-range. 

No.   6.  Springfield,  long-range 

•  Na  7.  Springfield,  long-range. 
No.   8.  Service,  long-chamber  . 

No.  9.  Service,  long-cliamber  . 
No.  10.  Service 


Barrels. 


Bifling. 


• 

• 

• 
4J 

•a 

a 

V 

^ 

— 

o 


'.Lbs.  oz. 


InchesJ 


No.ll.  Service 

No.  12. "  Springfield,  special, 
Hotchkiss  system 


No.  13.  Springfield,  special, 
Sharps  system 


25.75 

32.7 
32.7 
32.15 

32.6 

32.6 

32.6 
32.6 

32.6 
32.6 

32.6 

31.55 

26.87 


1.5,  Cylinder 194 


I  FiTiBtamofacone 
I. ...do 


5  1 
4    2 

6  5. 5    Octagonal 


3  9.  6  ^  Service 

3  9.6    do  .. 

3  9.6    do.. 

3  9.  6  I do  .. 


3    9.6 
3    9.6 


..do 
..do 


3  9.6  I do 

4  15.5  I  Frasiamofacone 


5    5.5 


Cylindrical. 


19| 

22      I 
191     I 

m  j 

19|    < 
22 

22       i 
22 

I 
22      I 

18. 5* 


s 


o 
o 


6 

6 
6 
3 

6 

6 

6 
3 

8 
3 

3 

6 


Stock. 


Short. 

..do  .. 
..do  .. 
..do  .. 

Full.. 
I 

..do.. 
I 

..do.. 
|..do  ,. 

I.. do  .. 
L.do  .. 

..do  .. 

Short. 


18.5*,    6    ..do  . 


Sights. 


Peep  and  globe, 

Sharp8\ 
Do. 
Do. 
Peep  and  globe, 

Sprinj^eld. 
Peep  and  globe. 

Bull's. 
Peep  and  globe, 

Sharps'. 
Service. 
Peep  and  globe. 

Sharps'. 
Servicew 
Peep  and  globe. 

Sharps'. 
Service. 

Peep  and  globe, 

Bulla. 
Peep  and  globe, 

Sharps'. 
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KlHe. 

C«tridg». 

1 
"5 

■s 

s 

1 

1 

lUoHUlEL 

ElDd. 

Ran.™!. 

1 

i 

■s 

1 

i 

t 

1 

1 

r»iKM. 

LilM. 

ffn 

ffrr 

1 

"""C" 

'i- 

500   "al 

&i.i .,„  ;: 

!!t 

70 

a 

....do 

4t.7 

MO 

1 

»:".?■ 

'  Otooieg  uiil  Uoda  of  tqukl  wldtb. 

The  chief  object  of  the  trials  was  to  detenniiie  whether  increased  accu- 
racy could  be  obtained  by  iacreasing  the  weight  of  the  barrel  over  that 
of  the  service,  special  refereuce  being  had  to  the  construction  of  » 
"  marksmen's  rifle," 

A  very  moderate  araoant  of  firing  quickly  demonstrated  that  if  ex- 
ceeding^- heavy  barrels  possessed  any  superiority  in  this  respect,  it  must 
be  with  correspondingly  heavy  charges;  that  for  the  crtrtridge  issued  for 
trial  in  the  field  having  70  grains  of  powder  and  500  grains  bullet,  or 
even  with  the  80  grains  charge,  and  same  bullet  as  prepared  at  the 
Fran  k  to  rd  Arsenal  and  used  at  Creed  moor  last  fall,  do  great  increase 
in  weight  of  banel  was  either  necessary  or  desirable.  There  was,  how- 
ever, a  question  as  to  the  propriety  of  slightly  stifTeuing  the  service 
barrel  by  making  it  astraighttiiper,  leaving  the  diameters  at  breech  and 
muzzle  the  same  as  at  present,  and  filling  in  between  theu,  thereby 
adding  nearly  9  ounces  to  the  weight ;  this  not  so  much  for  the  purpose 
of  increasing  the  accuracy  of  fire  as  to  enable  the  barrel  to  better  endure 
the  rough  usage  of  the  ser^'ice.  One  barrel,  No.  3,  prepared  in  ttiis 
mnnner  has  given  excellent  results  with  the  8U  grains  charge.  It  is 
worthy  of  observation  that  the  70  grains  cartridge  has  worked  very 
satisfactorily  in  the  long  chambered  guns,  all  excejit  Noe.  10  and  11 
beiug  adopted  for  the  80  grains  shell. 

Another  fact  brought  out  by  this  firing  was  the  slight  value  to  a 
skilled  marksman  of  peep  and  globe  over  open  sights. 

The  peep  and  globe  or  aperture  sights  devised  by  Mr.  F.  R.  Bull,  of 
this  armory,  appear  to  have  given  the  most  perfect  satisfaction  to  the 
men  using  them,  and  are  greatly  to  be  preferred  to  all  others,  if  such 
sights  are  to  be  issued.  The  |>eeii-sight  has  a  lateral  as  well  as  vertical 
motion,  by  means  of  which  adjusting  at  the  muzzle  of  a  loaded  gun  is 
avoided.  The  front  sight  is  stationary  anil  attached  to  the  stud  of  the 
service  sight.  Both  front  and  rear  sights  may  be  quickly  removed  if 
desired,  leaving  the  service  sights  ready  for  iise. 

On  examination  of  the  accompanying  tables  it  will  he  seen  that  very 
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little  difference  in  accoracy  was  observed  with  barrels  from  25.75  to  32.7 
inches  in  length. 

Another  circiunstanoe  of  even  more  importance,  constantly  made 
manifest  daring  the  last  year,  is  that  for  an  unpatched  ballet  like  the 
service  the  6-grooved  rifling  has  no  saperiority  over  the  3 -grooved, 
whUe  the  latter  is  more  easily  made  and  cleaned.  In  snpport  of  this 
statement  reference  is  had  not  only  to  this  bat  previous  reports  on  this 
subject.  In  addition,  there  are  now  submitted  sheets  showing  the  accu- 
racy obtained  at  200,  400,  600,  800,  and  1,000  yards,  while  firing  for 
drift  with  four  unselected  service  barrels,  two  having  a  right  and  two 
a  left  hand  twist,  one  of  each  being  fitted  to  Springfield  and  the  others 
to  Hotchkiss  breech-systems ;  the  powder  charge  being  70  grains. 

It  may  be  further  said  that  these  latter  results  represent  very  nearly 
the  average  of  a  large  number  at  the  same  ranges  with  the  same  cart- 
ridge. 

&  this  connection  attention  is  invited  to  the  performance  of  rifles 
Nos.  10  and  11  with  four  varieties  of  the  70  grains  cartridge  and  500 
grains  bullet,  as  shown  in  the  latter  part  of  the  500  yards  nummary. 
This  remarkable  showing  it  is  not  supposed  is  dae  entirely  to  the  rifling, 
greater  variations  being  produced  by  the  cartridge  than  by  the  gun^ 
but  is  due  to  the  system  as  a  whole. 

From  the  foregoing  it  seems  probable  that  the  straight-tapered  serv- 
ice barrel,  or  one  of  equal  weight  shortened  a  few  inches  if  preferred, 
rifled  with  the  service  twist  and  groove,  short  stocked  as  in  the  trial, 
and  sighted  with  Bull's  peep  and  globe  in  addition  to  the  service  sights, 
will  make  a  saitable  combination  for  a  special  rifle,  while  the  weight  of 
the  whole  will  not  exceed  9J  to  9J  pounds.  Unless  the  80  grains  cart- 
ridge is  to  be  issued,  this  rifle  should  be  chambered  for  the  service  shell. 
Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREER, 
Captain  of  Ordnance^  U.  8,  A. 

To  the  Commanding  Officer, 

N'ational  Armory, 

Note. — Owing  to  a  lack  of  ammunition,  the  delay  incident  to  the 
preparation  of  rifles  Nos.  12  and  13,  the  issuing  of  the  Sharps  sights,  . 
and  to  other  work,  the  firing  was  discontinued  March  23,  and  summa- 
ries of  results  maae  out.    For  trials  at  800  yards  since  that  date  an 
anxilistry  summary  is  submitted. 
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800  yards  range,  ^March  7,  1881. 
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7.5 

14.5 

ia3 

600  -^VU 

....  do  ........... 

2 
Mean 
1 

6.9 

1L6 

ia4 

.4555 

....do 

7.2 

la 

14.8 

500 

11.4 

19.6 

22.7 

500 
500 

.4555 
.4555 

.4555 

I 

do 

...  do 

2 
8 

Mean 

1 

8.5 
8.8 

7.7 
17.6 

11.6 

la 

....do 

7.9 

15. 

17.4 

500 

1L5 

ia7 

22. 

6oo 

.4555 
4566 

do 

2 
Mean 
1 

6. 

20.3 

21.2 

. .  ..do - . . 

a7 

19.5 

21.6 

StM 

9.5 

8.4 

12.7 

500 

.4555 

....do 

do 

2 
Mean 
1 

6.4 

11.7 

las 

7.9 

10. 

la 

500   .4655 

5<M      AliKR. 

13.6 

22.8 

24  6 

do 

1 

11.3 

13.4 

17.. 

500 

.4566 

....do 

1 

6.4 

11.9 

6 
18-5 

500 

.4555 

do 

1 

a 

lai 

15.3 

100 
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Rifle. 


800  yard^  range.— March  12,  1881. 

I  I 

I  Powder.  Bullet. 


Sight. 


No.  1.  Spring- 
field, special. 

No.  2.  Spring- 
field, special. 

No.  3.  Sprine- 
licld,  special. 

No.  4.  Spring- 
field, speciiu. 

No.  6.  Spring- 
field, long- 
range. 

No.  7.  Spring- 
field, long- 
range. 

No.  8.  Service, 
long-chamber. 

No.  9.  Service, 
long-chamber. 

No.  10.  Service, 

No.  11.  Service 


Chrs. 


Kind. 


\Gr8. 


.a 
•3 


Kind. 


9 


O 

o 
}Z5 


Peep  and  globe ; '  80  |  Unknown,  500  .4555,  Frankford.^liu. 
SharpH*. 


I 


..do  ... 
..do 


80 
80 


Peep  and  globe;  I  80 
Springfield. 


Peep  and  globe; 
SnarpsC 


tarps 
Service 


80 
80 


.do 
..do 
.  do 
.  do 

.do 


500   .4555 do  . 


.500   .4555    ..  do 

500   .4555; do 

500   .4555. ...do 


Deviations. 

i 

• 

< 

— 

1 

1 

10.  8     12. 9     16. 8 

1 

1 

6. 9     14. 1     15. 7 

1 

9. 7  1    7.  9     12. 6 

1 

a4  :  18.2 

20.0 

Peep  and  jglobe; 

Sharps. 
Service 


Peep  and  globe ; 

Sbarps . 
!  Service 


500  .4555.... do  . 


80  I do 

I 
80    ....do 


70 
70 


do  . 

. . . -do  . 


500   .4555. ...do 
500  .4555 do 

!         I 

500,  .4555 do 


1     10. 8  ,  18. 6  ;  21. 5 


9.4       &1     12.4 


1  '  10. 1  ;  13. 1     16. 5 
17.7  .  19.9     26.6 


500   .4555. ...do  .. 


8.8  '  16. 


18.3 


1  ,  12. 1     22.        25. 1 


800  yards  range.— March  21,  1881. 
(Strong  wind  from  the  right  and  rear.] 


Na  1.  Spring-     Peep  and  globe ; 
£eld,  special.'      Sharps'. 
Do ' do 


No.  2.  Spring- 
field, special. 
Do 


No.  8.  Spring- 
field, special. 
Do 


No.  4.   Spring- 
field, special. 
Do 


...do 
...do 
...do 
. .  do 


Peep  and  globe; 
Springfield. 


No.  5.  Spring- 
field,   long- 
range. 
Do 


No.  6.  Spring- 
field, 1  o  n  g- 
range. 


70 
70 
70 
70 
70 
70 
70 
70 
70 

70 


Peep  and  globe ; ,  70 
Sh8 


larpH 
.do... 


No.  7.  Spring-  .  Open  service 
field,    10  n  g- 


range. 
Do. 


.do 


70 
70 

70 


I 


No.  8.  Service,  I  Peep  and  globe ;    70 
long-chamber.  I     Sharps*. 


Do 


No.  9.  Service, 
long-chamber. 
Do 


do ;  70 

Open  service ..."  70 


do 


70 


No.  10.  Service  ' 

IK. ! 


Peep  and  globe ;  '  70 
Sharps*. 
...do 70 


No.  11.  Service 
Do 


Open  service.. 
...do 


70 
70 


. .  do  ... 

.  .do-. .. 

-do  ... 

.  .do  .  ■  - 

...do  ... 

..do  ... 

...do  . 

. . . do  — 

. .  .do  ... 
. . .  do  ... 

.-.  .do  . .. 
. .  .do  . .. 

. .  .do  ... 
. . .do  — 
— do  . . . 
. . .do  ... 

do  . . . 

. .  .do  . . . 
...  do  . . . 
.. .do  . . , 
...  do  . . . 


I  I     point, 

500  .  4555  Frankfo 


Unknown ,  500  .  4555  Frankford ;  fiat 

'    point,  ^9  tin. 
500  .  4555  I'Yankford ;   flat  : 

;     x>oi°t«  iV  tin.     i 
500  .  4555,  Frankford  ;  flat  I 

'     point,  ^s  tin. 
500  .  4555,  Frankford ;   flat 

^  tin. 
rd ;   flat  I 
point,  tV  tin. 
500  .  4555  Frankford ;   flat  i 

!  point,  iV  tin. 
500  .  4555  Frankford ;   flat 

point,  ^  tin. 
500  .4555  Frankford;   flat  ; 

I  point,  ^  tin. 
500  .  4555  Frankford  ;   flat 

point,  ^  tin. 

I 

500  .  45.')5  Frankford  :  flat  1 
,     point,  X  tin. 

500  .  4555;  Frankford  ;  flat  ; 
1     pointy  ^  tin. 

500  .  4555  Frankford ;  flat 
;     point,  X  tin. 

500  .4555  Frankford;  flat  , 
I     point,  ^  tin. 

500  .  4555  Frankford ;    flat  ! 

I  point,  X  tin. 
500  .4555.  Frankford;    flat  | 

>  point.,  ^  tin. 
500  .  4555  Frankford ;    flat  1 

I  point,  iV  tin. 
500  .  45551  Frankford  ;  flat 

I  point  A  tin. 
500  .  4555  Frankford ;  flat 

500  .4555 


1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 


10. 8  j  13. 3 

7      I    &3 

11.3  1 
I 
8. 2      8. 

10. 8     11. 8 

9. 1     10. 1 

9     ;   e.7 


12.7  I    6.9 
6.1  \  10.4 


17.1 
10.9 
a  8  '.  14.  3 
11.5 
16 

13.6 
12.5 
14.5 
12.1 


8. 1     12. 1  .  14. 6 
13. 4       6. 1  I  14.  7 


1     12. 6     12. 5     17. 8 
1  '  13. 0  i  12. 1  ;  17.  8 


1       6. 1       9. 9  ,  11.  6 
1       7.9  ;  14.3 
1     10.2     16.5 


point,  A  tin. 
Frankford;    flat 
I     point,  ^  tin. 
500  .  4555|  Frankford  ;   flat 

point,  \  tin. 
500  .  4555  Frankford ;    flat 

I     point,  X  tin. 
660  .  4555  Frank foM ;  flat 
point,  ^  tin. 


1     11.7 


10.1 


1  I    7.8  '  10.6 

I  I 

1  ,  12.4       &8 

1  ,  1&  4  .  11. 5 

1     15. 8     13. 3 

1  '     9  3     12 


16.3 
19.4 
15.5 
13.2 
15.2 
21  7 
20.7 
51.2 
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800  yards  range.—Jfarch  22,  1881. 
{Fresh  breeze  from  left  and  front.] 


Powder. 


BuUet. 


Rille. 


Sight. 


No.  1.  SprlBff- 
field,  speciiu. 

Ko.  2.  bpring- 
field,  special. 

No.  3.  Sprin^E- 
field,  speciAL 

No.  4.  Sprioic- 
field,  special. 

No.  5.  Spring- 
field, 1  o  n  g- 
nmge. 

No.  6.  Spring- 
field, 1  o  n  g- 
rfenge. 

No.  7.  Spring- 
field, 1  o  n  g- 
range. 

No.  8.  Service, 
long-chamber 

No.  9.  Service, 
loug-chamber 

No.  10.  Service. 

Do 


Peep  and  globe; 

Sharps. 
do 


Kind.     I  ^ 


Gt9.  Grs. 

70    Unknown    500  .4556  Frankford;  round 


Kind. 


s 


A 


Deviations. 


.do 


Peep  and  globe ; 

Springfield. 
\  Peep  and  globe ; 
I  BnU's. 

Peep  and  globe ; 
Sharps*. 


70 

I 

70 
i  70 
1  70 


I 


70 


Open  service  . .  |  70 


Peep  and  globe ;    70 

Sharps'. 
Open  ser^'ice...   70 


,...do 

do 

.  :do 
do 

— do 

...do 

do 

...db 


Peep  and  globe ; 

Sharps'. 
do    


No.  11.  S  ervice    Open  service . 
l>o ;....do 


No.  1.  Spring- 
field, special. 

No.  2.  Spring- 
field, 8p<K*ial. 


Peep  and  globe ; 

Snarps'. 
do 


N 


do 


No.  3.  Spring- 
field, speeiaJ.  j 

fo.  4.  Sprine-  ;  Peep  and  trlobe ; 

field,  special.        Springfield. 
No.  5.  Spring-  i  Peep  and  globe ; 

field,    long.  !      Bull's. 

range.  | 

No.  «.  Spring-  !  Peep  and  globe ; 

fiel«l,    long-        Sharps'. 

ranjse. 
No.  7.  Spring-     Open  service.. 

field,    long-  , 

range. 

To.  8.  S 

long-chamber.      S&arps'T 

^o.  9.  Servfce,  |  C 

long-chamber.' 

No.  10.  Service   Peep  and  globe ; 

'Jhi 


I  70  ' do  .. 

70    do  .. 


70    ....do 
70    ....do 


70    ....do  .. 

70  ' do  . 

70  I do  . 

70    ....do  . 
70 


,No.  8.  Service,    Peep  and  globe ; 

long-chamber.      Sharps'. 
No.  9.  Servfce,  |  Open  service... 


Do 


Sharps', 
.do 


No.  11.   Service  Open  service... 
Do  .do 


70 

70 

70 
70 

70 
70 


70 
70 


do 

. . .  .do 

. ...  do 

...do 
— do 

— do 

— do 


.do  ., 
.do  . 


I 


500;  .4555 

500  .4555 

t 
500   .4555 

500'  .4559 


.1  500  .4355 
.1  500   .4555 

I 
1 

500   .4555 
500   .4555 

I 

1 

500   .4555 
500  .4555 


point,  ^  tin. 
.do 


...do 
...do 
...do 

...do 

...do 

...do 
...do 

...do 
...do 


2     11.2     13.5 

Mean    11.1  |  12.5  ,  16.8 

1 ■ 


500   .4535. ...do 
500   .4555. ...do 


.1  500   .4355  Frankford:  round 
I      point,  ^  tin. 
500   .4655'...Tdo 


500|  .45551.... do 

500   .4555.... do 

500   .4555.... do 
I 
I 
5O0  .4555.... do 


500  .4555  ....do 


500  .4555 
500,  .4555 

500   .4555 

I 

500   .4555 


500,  .45f5 
500   .4555 


..do 
..do 

...do 
. .  .do 


..do 
..do 


m 

• 

> 

• 

< 

^ 

• 

1^ 

11.7 

8.5 

14.5 

6.  6     17. 1 
8.  7     12. 3 


12.5 
6.9 

8.9 

14.0 


14.1 


laa 

15.1 
1&8 


10. 2     12. 3 

I 

I 

17.0  I  19.2 


13.1 


19.2 


14. 9  1    9. 2  ,  17.  5 

I  I 

9.4     17.5     19.9 


11.1 


11.  6     16. 1 


17.5 


13.  2  I  13. 4     18. 8 
7. 9  I  16. 1     17 


Mean ,  10. 5  I  14. 2  '  17. 9 


7.5 
8.3 
9.5 
9.5 


ia9 


20.3 


11.5     14.2 


9.3 
6.8 


13.5 
11.7 


6.4  '    8.4  ;  10.6 


7.  19. 3  I  20.  6 

I  I 

10.6  14.3  '  17.8 

J  I 

7. 0  18. 9  I  20. 1 

7. 6  14. 6     16. 5 


5. 0  11. 6     12. 6 

7. 1  I  12. 4  !  14. 3 


Mean'    6 


12 


1 
2 


13.4 


11.7  I  13.1 
13. 4     19. 1 


17.6 
23.3 


Mean  '  12. 5  '  16. 1     20. 4 
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800  yarde  range,— March  23,  1881. 
( Fresh  breeie  from  the  left  and  rear.l 


Powder. 


Kifle. 


Sight. 


-s 


No.  5.   Spring-  ;  Poep  and  globe;     70 
field,  long- 


range. 
Do. 


Do 
Do 


Ball's, 
.do 
do 
do 


No.  6.  Spring.    Peep  and  globe ; 
field,    long- 


range. 

d5. 


Do 
Do 


Sharps', 
.do  .. 
.do  . 
do., 


No.  7.   Spring-  Open  service . 
field,    long-  * 

range.  I 


Do 
Do 


.do  ... 
do  ... 


No.  10.  Service .  Peep  and  globe : 


Do 

Do 

Do 

No.  11.  SeiTice. 

Do 

Do ......... 


Sharps', 
.do 


...do  

Open  service . . 

....do 


70 
70 
70 
70 

70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 


Unlmown 

. ...do  .. .. 

|.  ■ . -do  . ■ .. 

I 

I  *     do 

!.  — do  .... 

I 

i...  do  .. .. 

I 

, . . .  do  .... 

! do 

I 

do  .... 

I 

•    •    •    .'Iw     •  ■    ■   ■ 

....  do .... 

do 

.  — do  .. .. 

I 

'. do  .. .. 

. . . . .  do  . . . . 

: do 

|. . ..do  .. . . 

!....do 

. . . do  — 
. .  .do  .. .. 


Bullet. 


4i 

1 

t 

llbei 

^ 

5 



Kind. 


MO 


500 
500 
500 
500 

600 

500 

I 
500 

t 

500' 

500 
500 
500 
500 
500 
509! 
5001 
500 
500 
500 
500 


.4555  Fraakford;    flat 
point,   t^  tin. 

4555;  Frankford ;    flat 
j     point-,   rV   tin. 
.  4555  Frankford;  round 
point,   1^  tin.  ' 
.  4555  Frankford;  round' 

pointy    X  tin. 
.4555  Frankford;    fiat 
I     point,   ^  tin. 

.  45.55  Frankford ;    flat ; 

I>oint,  jV  tin.  I 
.  4555'  Frankfoni;  round 

point,   jV  tin.  I 
.  4555  Frankford;  round  I 

I     point,    iV  tin. 
.4555  Frankford;    flat 

point,    ^  tin. 

,  455.)  Frankford ;    flat 
point,    j^  tin. 
,  4555  Frankford;  round 
[     point,    X  tin. 
.  4555!  Frankford;  round 
I     point,    X  tin. 
roTil: 


.  4555.  Frank forii 

point. 
.  4.!>55  Frank  fon 


.ft 


flat 
tin. 
flat 


;     point.    iV  tin. 
.  4505|  Frankforcl;  round 
,     point,    t^  tin. 
.4555  Frankford;  round 
point,   X  tin. 
.  45551  Frank  ford ;    flat 
'     point,  v*B  tin. 
.4555,  Frankford;    flat 
'     point,    X  t^' 
4555  Frankforcl;  round 
point,    X  tin.  J 
4.555  Frankford;  round 
point,    iV  tin.  , 


*  Strong  wind,  gusty. 

800  ifards  range.— April  27,  1881. 

[Calm.] 


Deviationaa. 


1^ 


> 


I 


I 


4. 1  19.  5  .  19.  9 

4. 6  le.  4     17.  0 

12. 5  12. 4  I  17.  6 

14.3  9.2  \*n 

1 

12.  8  '  19. 1     28. 0 


11. 6  19.  8  .  22. 9 

7.     <     &3  I  10. 8 

I 

5.     I  12.  8   '13.  7 

11.7  ;  19.9  I  23.2 


8.  15. 5  17.  5 

8.  13. 6  15.  6 
21.6  9.4  ■^23.6 

7. 9  ,  12. 7  ,  15. 0 

9.  7     10.  8     14.  5 

I 

11.8     12.8  ;  17.4 
9. 3  '  13. 4   "^le.  3 

9.8     11.2     14.9 

I 

4. 1     16. 4  !  16.  9 


I 


11. 8     a  5 

11.2     20.9 


( 


13.5 
*23.7 


Eifl 


Sight. 


Powdi»r. 


Kind. 


Bullet. 


^ 


Kind. 


Ors.  GriL  i 

No.  5.  Springfield,  long-,  Peep  and  globe;     80  I  Unknown 500  .4555  Frankford.. 

range.                                   Bull's.                \        \                          ,        ; 
No.  13.   Sharps',    long-    Peep  and  globe;  100  !  Hazard  S.  M.    550 Patched 

range.  Sharps'.  |        i  ; 


5 
bc 

s 


1? 


OB 


e 


'    1^ 


1 
1 


11.7 
11.2 
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800  yards  range.— April  28, 1881. 
[Strong  and  guftty  wind.] 


Powder. 


Rifle. 


Sight. 


Vo.  5.  Springfield,  long-   l^eep  and  globe ; 
nmjce.  ;     Ball's. 

l>o do 


•a 

9 

On. 
90 

90 


Kind. 


Hazard  S.  M 
....do 


-■   ' 

• 

• 

Ballet- 

i 

a 

Caliber. 

Kind. 

•s 

i 

1 

(?r*. 

&50 

.458  Springfield  . 

1 

*13.7 

550 

.45  ....do 

2 
Mean . 

16.0 

14.8 

bOO  yards  range.— May  2,  1881. 
[Calm.) 


Ko.  5.  Springfield,  long- 


ISo.  13.    Sharps',    long- 
range. 


Peep  and  globe ; 
Snarps'. 


90 
90 

100 


Hazard  S.  M. 
do 


550     .458 


550 


Hazards.  M.'  550 


1 

2 

*12.7 
n4.6 

Mean. 

13.6 

1 

*7.1 

800  yards  range.— May  3,  1881. 
[Strong  wind  from  right  and  rear.] 


Ko.5.  Springfield,  long- 
range. 

Kok  13.  Sharps',  long- 
range. 


Peep  and  globe :    80     Hazard  B.M.  I  550     .458  Springfield  .^ 


Ball's 
Peep  and  globe ;  100  j ...  .do 
Sharps*. 


550 


•  ■  ■(•  • 


.'  Patched  . 


*23.7 
*14,4 


*  Gun  cleaned  after  every  shot. 

800  yards  range. — June  6,  188i. 
[Calm.  J 


ITo.  12.  Springfied  spec- 
ial, HoichkMs  svstem, 
long-chamberea. 


Peep  and  globe; 
Bull's. 


Do. 
Do. 
Do. 
Do. 


70 


Service 


70  ,  Unknown. 


Do 

Do. 
Do. 


.do 

.do 
do 


Do. 

Do 

Do. 

Do. 


Ifo.  13.  Springfield  spec- 
ial. Sharps'  aystem, 
long^shambered. 

Do 


Do. 


.do 

.do 
.do 
.do 


Peep  and  globe ; 
Sharps'. 


.do 
.do 


70 


80 
80 
80 
80 


80 

80 
80 


80 

80 
90 
90 


80 

80 
80 


.do 


I  I 

405  .458     Service 


500  .4555  Frankford 
500  .4655.... do 


..do 500  .4555 

..do '  500  .4555 

..do :  500  .4555 

..do 500  .4555 


..do 

,.do 

.do 

.do 


Hazard  S.  M 


.do 
do 


do 

....do 
....do 
do 


402  .4555 


Unknown. .. 

Hazanl  8.  M 
— do 


500 
500 


550 

550 
550 
550 


500 

492 
500 


.4555 
.4555 


.458 

.458 
.458 
.458 


.458 

.458 
.458 


Springfield ; 

itin. 
Springfield  . 
do 


..do 

..do 

,.  do 

.  do 


1 
1 

2 

32.1 

• 

19.4 
23.4 

Mean . 

21.4 

1 
2 
3 
4 

17.7 
17.7 
1L5 
21.1 

Mean. 

17.0 

1 

14.0 

1 
2 

19.2 
17.3 

Moan . 

18.2 

1 

13.2 

1 
2 
3 

10.8 
21.7 
24.1 

Frankford 


Springfield ; 

fttin. 
Springfield  . 


Mean 
1 

1 
1 


18.9 


16.1 

17.7 
16.5 
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800  yards  range, — June  7,  1881. 
[Calm.] 


No.  12.  Springfield  spec' 
ud,    HotonkiBS  sys- 
tem, long-chambered. 
Do 


Peep  and  globe; 
Bull's. 


.do 


Do 
Do. 


.do 
.do 


Do. 
Do. 


Do. 
Do. 
Do 


do 
.do 


.do 
.do 
.do 


Chi, 
70 


70 


70 
70 


80 
80 


80 
80 
90 


Hazard  8. 11.    500  .4555  Springfield 


....do 


Unknown 

....do 


500'  .4555 


I 


..do 


500  .4555   Frankford 
500   .4555 do 


.do 
do 


500   .4555 do 

500   .4555.... do 


Hazard  S.  M .  i  500   .  4555 

....do 

do 


Springfield.. 

550   .458  i....do 

550  .458  I.... do 


2 

Mean. 

1 
2 

Mean. 

1 
2 

Mean . 

1 
1 
1 


21.8- 


80.3 


^6.0 


27.3 
16.2 


21.7 


12.  T 
1&6 


15.6 


1&7 
22.1 
24.5 


[Wind  velocity,  12  miles  per  hoar,  flrom  left  and  front] 


No.  11.  Service. 

Do 

Do 

Do 


No.  12.  Springfield  spec- 
ial,   Hotchkiss   sys- 
tem, long-chambered. 
Do 


No.  3.  Springfield  spec- 
ial, long-chambered. 

Do 

Do 


Service 70  !  Cnknovrn 500 


do 
do 
do 


70 
70 
70 


.do 
.do 
.do 


:  500 
'  500 
.  500 


.  458  Frankford 

.458    ....do 

.  458    . ..  .do 

.458    do 


1 
2 
3 

4 

Mean. 


Peep  and  globe ;     80    do i  500'  .  458 

Bull's.  I        i 


80  .. 


.do 


. .  .do 
500  .458  '....do 


.do ;  500   .458 

;        I 

.do r.00|  .458 

.do 500   .458 


-do 

.do 
.do 


20. 
22.2 
13.5 
18. 


Mean . 

1 

2 
3 

Mean. 


1&4^ 

14.6 
16.5 

,15.5 

14.9 

18.7 
14.4 

16.0 


800  yards  range. — June  11,  1881. 
[Fresh  breeze  from  left  and  Aront.] 


No.  2.  Springfield  spec- 
ial. 

No.  3.  Springfield  spec- 
ial. 

No.  4.  Springfield  spec- 
ial. 

No.8.  Service,  long- 
chamber. 

No.  12.  Springfield  spec- 
ial, Hotchkiss  system. 

No.  13.  Springfield  spec- 
ial. Sharps  system. 

No.  2.  Springfield  spec- 
ial. 

No.  3.  Springfield  spec- 
ial. 

No.  4.  Springfield  spec- 
ial. 

No.8.  Service,  long- 
chamber. 

No.  12.  Sprin^eld  spec- 
ial, Hotchkiss  system. 

No.  13.  Springfield  spec- 
ial, Sharps'  system. 


Peep  and  globe 

Sharps'. 
do 


Peep  and  globe 

Springfield. 
Peep  and  globe 

Sharps'. 
Peep  and  globe 

Ball's. 
Peep  and  globe 

Sharps'. 


...do 


Peep  and  globe 

Springfield. 
Peep  and  globe 

Sharps'. 
Peep  and  globe 

Ball's. 
Peep  and  globe 

Shar])8'. 


80  I 
•  80  I 
80 
80 
80 
80 
70 
70 
70 
70 
70 
70 


Unknown . . , 
,  ...do 


500  .4555   Frankford 

I  I 

500  .4555.... do 

....do .;  500  .4555*.... do 

.    :      I 

do ,500  .  4555' ...  .do 


.  ...do 

do 

....do 
....do 
....do 
. ...  do 

do 

....do 


500 


500 
500 
500 
500 
500 


.  4555 do 


.4555 
.4555 
.4555 
.4555 
.4555 

I 

I 
500'  .  4555 

I 
500;  .4555 


...do 

. .  .do , 

...do 

...do 


13.5 
12.0 
20.9 
9.9 
13.8 
16.8 
13.7 
22.7 
28.9 
28.2 
23.1 
20.5 
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800  yards  range, — June  13,  1881. 
[Light  breeze  from  left  and  rear.] 


Rifle. 


Powder. 


Sight. 


Bullet. 


^ 


No.  1.    SpriDg- 

fleliL  special. 

Do 


"So.  2.    Spring- 
field, special. 

No.  3.    spring- 
field,  apeciiu. 

No.  4.    Spring 
field,  epecial. 


Or». 
Peep  and  globe.  I  80 

Sharps'. 
...do 80 


do 

do 


Peep  and  globe. 
Springfield. 


Nol  8.  Service,  i  Peep  and  globe*. 

long  chamber.       Sharps'. 
No.12.  Spring-]  I 

field,  special;  [    Peep  &  globe.  ** 

fiotchkiss  [  ' 

system.  J 


Bulln. 


No.  13.  Spring-    Peep  and  globe. 
field,  Hpeciu:  |      Sharps'. 
Sharps    sys- 
tem. ^ 

No.  1.    Spring-   do 

field,  speciiQ.  i 
D<) 


do 


No.  2.    Spring-    — do 

field,  special. 
No.  3.    Sprinc-    do 

field,  special.  ; 
No.  4.    Spring-  I  Peep  and  globe. 

field,  special.  |     Springfield. 
No.  8.   Service,     Peep  and  globe. 

long  chamber. ;     Sharps'. 
No.  12. Spring-]  ! 

field. special:  [ '  Peep  &  globe.  \ 

Hotchkissf;     Bull's.  > 

system.  J  ' 


No.  13.  Spring-  ,  Peep  and  globe, 
field,  i^pecial;  |     Sharps'. 
Sharps    sys- 
tem. 


80 
80 
80 
80 


80 


80 


70 
70 


70 
70 


70 


Kind. 


Unknown. 
...  do 


'  .is 
'    "5? 


Grs. 
500 


•-3 


...do 


4555 
500   .4555' 


Kind. 


Frankford 
— do 


500 


4555 


do I  500   .4655 


.do j  500:  .4555 


.do !  500   .4555 


do 500)  .4553 


do 500   .4555 


.do 

.do 

do 

.do 

.do 
.do 


O 

6 
}Z5 


1 
2 
Mean 
1 
1 
1 
1 


Deviations. 


7.4 
7.5 


1^ 


7.810.7 


12. 8 14. 8 


7.4  20.312.7 


7.6 
8.9 
7.6 

a4 

9.8 
2  <  8.2 


9. 6 12. 2 

I 
6. 6 10. 5 


5.9 


9.6 


14. 1 16. 4 


7. 8 12.  5 

12. 2  14. 7 

I 


Mean   9.0:10.013.6 


.do ;  500!  .4555' do 

.do 500   .4555 do 


.do 


500 


1   10.7   8.413.6 


1  14.710.3^17.9 

2  10. 0 10. 0 14. 1 
Mean  12. 3  10. 1 16. 0 


.4555 


..do !  500   .4555. 


do. 


:  500 


70    ....do !  500   .4555 


.  4555 


I 


70 


.do 


.do 

.do 

do 

.do 


i  500   .  4555 do 


1  15.914.2  21.3 

I 

1   16.714.0  21.8 

I        I 
1     6. 6 19. 6  20. 7 

1    la  0  21. 4  26. 7. 


1    15.911.119.4 


2 
Mean 


6. 7  12. 2 13.  9 
11.311.616.6 


70  I.... do i  500   .4555... do 1 15.611.819.6 

I  •        i 


200  yards  range. — February  26,  1881. 


Riflt 


Bullet. 


Service Right. 

Do Lett.. 

Hotchkiss Right. 

Do !  Left.. 

Service !  Right 

Do '  Left  .. 

HotcbkiM Right. 

Do I  Lerl . . 


Gr9.^ 
70  Dnpont 
70  L.  do  ... 
70  [...do  ... 
70  ...do. 
70  ...do. 
70  ...do. 
70  ...do  . 
70    ...do  . 


0r8. 
500 
500 
500 
500 
500 
500 
500 
500 


CS 


Kind. 


I 


Deviations. 


M.  H-  M.  V.  M.  A. 


I 


4.'>55     Springfield.. 


.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 


do 
.do 

do 
.do 
.do 
.do 
-do 


1 

2.8 

2 

1. 

8 

1.4 

4 

2.5 

2.1 

L3 

f 

L2 

8 

1.9 

2.4 

3.7 

L4 

1.7 

2.5 

2.9 

1.6 

3.0 

2.5 

3.3 

L8 

2.2 

2.3 

2.6 

2.1 

2.8 

Mean.!  L8  '  2.07  !   2.8 
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400  yards  range, — February  26,  1881. 


• 

Powder. 

Ballet. 

1 

1 
2 
3 
4 

Deviations. 

Rifle. 

1 

• 

§       Kind. 

Or9. 

70     Dapont . 
70    .  .do... 

70    . .  do 

70      -do.... 
70  1 . .  .do  . . . . 

70    ...do  

70    ...do  .... 
70  '...do  .... 

1 
1 

500 
500 
500 
500 
600 
500 
500 
500 

• 

1              Kind. 

5 

M.  H. 

7.0 
5.5 
5.7 
8.4 

M.  V. 

M.  A. 

Service 

Do 

Hotchkiss 

Right. 
Left . . 
Right. 
Left.. 
Right. 
Left.. 
Right. 
Loft.. 

.  4555  •  Springfield  . 

.  4556  i...  do 

.4555    do 

.4555  ; do 

.4555    — do 

.4555    do 

.4655    ....do 

.4655    do 

I 
1 

2.3 
2.9 
4.7 

7.4 
6.2 
7.4 

Do 

3. 7       5. 0 

ServicMJ 

5       4.9 

e.7       &8 

Do 

6 

7 

3.1 
5.1 

2. 6       4. 0 

Hotchkiss 

5.2       7.3 

I^ 

8       3.0 

3.3  i    4.5 

i 

■ 

Mean. 

... 

3.9 

6.26 

600  yards  range. — Febi'unry  26,  1881. 


Rifle. 


CO 


Powder. 


I  .^       Kind. 

'   it:    I 


Service Right. 

Do Left.. 

Hotchkiss Right. 

Do Left.. 

Service Right . 

Do Left., 

Hotchkiss Right 

Do Left. 


Ors. 

'•  70 
70 
70 

1  70 

;  70 

'  70 
70 

,  70 


Dupont 
.. .do  ... 

do  . . . 

...do  ... 
. .  .do  . . . 
...  do  ... 
...do  . .. 
..  .do  . .. 


Ballet. 


•s 


!      c 


i  Chrg. 

500 
500 
500 
500 
500 
500 
500 
500 


9 


.4655 
.4555 
.4555 
.4555 
.  4555 
.4555 
.  4555 
.  45.'>o 


Kind. 


Springfield 

....do 

.  ...do 

— do 

do 

. .  ..do 

— do 

■    •   •   ■  UiV       ■     •  •   •   •    I 


.5 


o 


Deviations. 


M.H. 


I 
M.  r.  M.  A. 


1 

5.8 

2 

5.5 

8 

5.4 

4 

6.8 

5 

5.3 

6 

5.4 

7 

8.3 

8 

6.1 

Mean. 

6.01' 

4.9 

5. 

7.3 

4.4 

5.1 

8.8 

2.4 

5.5 


7.6 
7.4 
9.1 
7.0 
7.4 
10.3 
&6 
&2 


5. 4  i    &  2 


800  yards  range, — February  16,  1881. 


Rifle. 


Service  . . . 

Do.... 
Hotchkiss 

Do.... 
Service . . . 

Do... 
Hotchkiss 

Do.... 


4a 

.a 


Powder. 


§  1    Kind. 


^ 


IGrt. 


70 
70 


Right. 
Left.. 
Right. 
Left . . 
Right.'  70 
Left  ..    70 
Right.    70 
Left  ..I  70 


70     Dupont . 

70    ...do 

..do  .... 
. .do  .... 

.  .do 

.  .do  . . . . 

. .  do 

..do 


Ballet. 


*i 

1       J 

Calihe 

Ors. 

500 

.4555 

500 

.4555 

500 

.4555 

500 

.465.^ 

500 

.4555 

500 

.4555 

500 

.4555 

500 

.4555 

Kind. 


Springfield 

....  do 

. . . .do  ...... 

.  ...do 

....do 

....do 

....do 

do 


5 


Cm 

o 


1 

2 
3 
4 
5 
6 
7 
8 


Deviations. 


M.H. 


M.  V.  M.  A. 

I 

I 


5.6 
10. 
7.2 
9.5 
7.9 
8.4 
8.4 
7.8 


3.6 
7.6 
9.1 
5.9 
10.7 
9.6 
7.8 
9.8 


6.7* 
12.5 
1L6 
11.2 

laa 

12.7 
1L5 
12.5 


Mean. I     8. 1  !    8.0     11.5 


Best  recorded  target  at  this  range. 
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1,000  yard9  range,— February  16, 1881. 


Twist. 

Powder. 

- 

.  Ballet. 

No.  of  targets. 

Deviations. 

Biile. 

• 

JSP 

o 

Ort. 
70 

Kind. 

1 

1 

Kind. 

15.1 
11.2 
&5 
14. 
11.6 
12.0 

M.  V. 

M.A. 

Serriee  .--- 

Right. 
. .  do  . . . 

Left  .. 

Right. 

Left  .. 
..do  ... 

THinnnf. 

Ort. 
500 
500 
500 
600 
500 
500 

.4565 

.4555 
.4555 
.4555 

.4555 
.4555 

Springfield  . 

....do 

....do 

....  do ....... 

— do 

...do 

V 
2 
3 
4 
5 
6 

Mean. 

19.0 
17.2 
11.8 
19,2 
18.6 
22.8 

24.2 

Hotobkias 

Do 

Serrlee 

Do 

70    ...do.... 
70    ...do  .... 
70    ...do  ...'. 
70  i...do.... 
70    ...do 

20.5 
14.1 
28.8 
21.9 

Hotchkiss 

25.3 

12. 06*  17. 9 

21.6 

APPENDIX  14. 

REPORT  ON  THE  FABRICATION  OF  CENTERS  FOR  PAPER  TARGETS  "A," 
BY  MAJOR  D.  W.  FLAGLER,  COMMANDING  ROCK  ISLAND  ARSENAL,  ILL. 

(One  plate.) 

March  26, 1881. 

The  centers  are  printed  in  an  ordinary  press  on  an  engraved  plate 
which  was  cast  and  engraved  in  the  arsenal  shops. 

The  only  difficulty  anticipated  in  making  the  targets  was  in  finding 
some  economical  method  of  cutting  the  exact  circle  required,  24  inches 
in  diameter,  to  fit  into  the  first  circle  of  the  target.  Such  a  circle  in 
paper  could  not  be  cut  by  any  of  the  ordinary  methods  employed  for 
cutting  paper  cheaply  with  machinery,  and  the  cost  of  lajing  out  and 
cutting  by  hand  would  have  been  very  great. 

These  were  cut  on  a  turning  and  boring  mill  in  the  machine  shop. 
As  the  sheets  came  from  the  printing  press,  they  were  packed  2,500  in 
a  wooden  box  without  a  cover,  the  neat  sides  of  the  paper  (the  sides  with 
reference  to  which  the  printing  w^as  done)  placed  carefully  against  tw^o 
sides  of  the  box,  and  held  there  with  wedges,  to  insure  that  the  printed 
centers  should  all  be  packed  exactly  over  each  other.  This  box  was 
then  placed  on  the  mill,  centered,  and  a  heavy  circular  iron  plate,  having 
the  same  diameter  as  the  required  paper  circle,  was  placed  on  top  of 
the  pile  of  paper,  centered  and  pressed  down  with  all  the  force  the  mil 
center  would  allow,  probably  3,000  pounds. 

The  sides  of  the  wooden  packing  box  were  then  removed,  and  the 
whole  pile,  10  inches  high,  was  then  turned  or  cut  ofl:*  with  a  knife,  fed 
precisely  as  a  tool  would  be  in  turning  the  face  of  a  pulley  and  as  accu- 
rately. The  knife  required  about  the  strength  of  a  tool  for  turning 
iron.  Its  cutting  edge  was  filed  out  into  an  arc  of  a  circle  having  the 
same  curvature  as  the  circle  to  be  cut,  and  then  filed  to  about  the 
slope  that  would  be  given  to  a  knife  in  cutting  paper  by  hand. 

This  process  is  described  at  some  length,  because  parties  experienced 
in  cutting  paper,  whom  I  consulted,  stated  that  a  pile  of  paper  could 
not  possibly  be  cut  in  this  way. 

It  shows  that  paper  circles  exact  to  one-hundredth  of  an  inch,  and  of 
diameters  as  large  as  the  capacity  of  the  mill  (the  one  at  this  arsenal  will 
turn  8-feet  diameters),  can  be  cut  in  this  way  at  a  trifling  cost.  The  cost 
of  cutting  these  centers  was  15  cents  per  1,000. 

The  centers  are  turned  to  a  diameter  of  23f  inches,  J  inch  less  than 
the  diameter  of  the  inner  ring  of  the  A  target,  to  leave  a  little  margin 
for  error  in  pasting  on. 

The  centers  are  packed  for  issue  in  wooden  packing  boxes  1  inch  deep, 
and  250  in  each  box  (see  inclosed  drawing). 

The  boxes  cost  28  cents  each,  are  necessary  to  keep  the  centers  in 
good  order  during  transportation,  and  would  be  convenient  for  preserv- 
ing the  centers  while  in  the  hands  of  company  commanders,  until  a  box 
is  used  up.  It  is  thought  250  centers  might  be  made  a  unit  of  issue. 
They  would  cost,  including  packing  box,  about  $2.50.  gj^^^  'n  »wW 
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COST  OF  1,000  CENTERS. 

(The  paper  is  purchased  in  sheets  25  inches  square,  and  weighs  70 
pouuds  per  1,000  sheets.) 

70  pounds  paper,  at  9i  cents  per  pound $6  65 

Printing 1  50 

Cottin^,  counting,  and  packing 50 

4  packing  boxes,  at  28  cents  each 1  12 

Miscellaueoas  expenses 23 


10  00 


I^er  box  of  250,  $2.50. 

The  cost  of  engraved  [>late  and  special  tools  required  was  $11.00. 


y 


/ 


APPENDIX  15. 

DESCRIPTION  OF  HARNESS  MANUFACTURED  AT  ROCK  ISLAND  ARSENAL, 
FOR  THE  LAIDLEY  CAVALRY  FORGE,  BY  MAJOR  W.  D.  FLAGLER,  ORD- 
NANCE DEPARTMENT.  • 

(One  plate.) 

HARNESS  FOR  ONE  LEAD-HORSE. 

Saddle, — Cavalry,  with  stirnip-straps,  stirrups,  and  web  girth;  single- 
tree attachment  on  rear,  riveted  through  arc  of  saddle  (rivets  1  inch  by 
j^inch),  and  screwed  on  to  the  cantle  with  finch  No.  12  iron  screws. 

One  1-inch  square  riveted  on  center  of  arc  in  rear,  for  attaching  buck- 
strap  ;  rivets  Nos.  8  and  9 ;  2  tugs,  each  with  1-inch  buckle,  and  stand- 
ing loop  sewed  into  the  rings  on  the  side  bars  in  front  of  the  pommel. 

Bridlej  artillery. — Ofif-horse,  with  coupling  strap. 

Leg  guard, — Artillery. 

IVaces, — Two  traces  made  of  two  thicknesses  of  leather,  sewed  with 
two  seams,  f -inch  thick,  with  cockeyes  and  S's  on  one  end,  fastened 
with  rivets  J-inch  by  |-inch.  Holes  punched  in  other  end  to  buckle  into 
breast  strap. 

Breast  strap.^One  body  single  leather,  with  under  edges  reduced  so 
as  not  to  gaU  the  horse ;  1  lay,  containing  in  fold  on  each  end  two  loops , 
and  1  IJ-inch  barrel-shaped  roller  trace  buckle ;  2  side  straps  sewed  into 
l:J-inch  rings ;  these  rings  sewed  between  the  lay  and  body  of  the  breast 
collar,  7i  inches  from  each  end ;  lay  to  be  reduced  }-inch  in  width  be- 
tween the  side  straps. 

Crupper. — One  dock  made  of  leather  folded  lengthwise,  with  edges 
tamed  in ;  1  |-inch  buckle  with  loop  sewed  on  each  end ;  1  body,  the 
rear  end  split  into  two  billets  8  inches  long  to  buckle  into  the  dock  |  1 
back-strap :  the  rear  end  is  sewed  on  the  body,  forming  a  lay,  which 
has  a  1-inch  buckle  and  three  standing  loops ;  an  opening  is  made  be- 
tween the  lay  and  body  llj  inches  from  the  ends  of  dock  billets  for  the 
loin  strap  to  pass  through. 

Loin  strap. — One  loin  strap,  made  of  single  leather,  with  holes  punched 
in  each  end  to  buckle  into  the  trace  loops. 

Trace  loops. — ^Two  trace  loops,  made  of  single  leather,  folded  suffi- 
ciently to  admit  1  loop  and  buckle  J-inch. 

Singletree  pad. — One  loop  sewed  on  back  with  opening  for  back-strap 
to  pass  through  and  return ;  1  leather  lining  sewed  on  back  and  filled 
with  goat^s  hair. 

HARNESS  FOR  ONE  WHEEL-HORSE. 

Bridle. — ^One  artillery  briddle,  off-horse,  with  coupling-strap  and  link. 

Saddle. — One  artillery  valise  saddle,  having  a  brass  frame  with  rollers, 
firmly  fastened  across  the  saddle  7  inches  from  the,  top  of  the  pommel 
by  eight  brass  screws,  l|-inch ;  No.  9  leather ;  1  back-band  made  of  two 
pieces  of  leather  sewed  together  with  two  seams,  to  pass  through  frame 
and  buckle  into  shaft  tugs. 

Shaft  tugs. — Two  shaft  tugs  made  each  of  one  piece  of  leather,  folded 
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and  sewed,  with  one  loop,  having  in  one  end  a  IJ-inch  buckle,  in  the 
other  end  the  upper  triangle  of  the  hook  attachment. 

Shaft-Uig  billets. — Two  billets,  made  of  single  leather,  and  sewed  in 
the  lower  triangle  of  hook  attachment. 

Belly-band, — ^One  belly-band,  made  of  single  leather,  the  buckles 
1^-incli,  fastened  on  each  by  chapes  with  one  loop,  and  set  far  enough 
back  for  the  projection  to  act  as  a  safe. 

Collar, — One  artillery  collar. 

Hames, — Qfie  pair  of  artillery  hames,  with  loops  made  in  the  bottom 
IJ-inch  wide  by  f -inch  deep,  for  hame  strap ;  2  safes  sewed  around  the 
hames  under  the  joint  loops  to  protect  the  collar ;  2  hame  straps ;  1  col- 
lar strap.  ^ 

ffame  tugs, — Two  hame  tugs,  each'made  of  one  piece  of  leather  doubled 
and  stitched  on  a  safe,  containing  in  the  fold  on  one  end  the  hame  cock- 
eye, on  the  other  end  the  cockeye  of  chain  for  shaft  attachment ;  thick- 
ness of  hame  tug,  0.375-inch. 

Breeching, — Two  breeching  straps,  Arm  leather,  each  with  li-inch 
buckle,  and  two  loops  in  the  fold,  and  one  slide  loop ;  1  breeching  body, 
single  leather,  under  edges  reduced  as  on  breast  strap  5  1  lay  j  1  D  1|- 
inch  by  2  inches  in  each  end  of  the  fold,  and  sewed  on  to  the  body  with 
two  seams ;  width  of  lay  between  tugs  reduced  ^-inch  to  correspond 
with  breast  strap ;  4  breeching  tugs,  made  of  two  thicknesses  of  leather, 
and  sewed  on  to  safes,  each  with  three  loops  and  1  J-inch  buckle  5  two 
of  the  tugs  to  be  sewed  on  to  D  at  each  end  of  the  lay,  the  remaining 
two  to  have  J-inch  squares  in  the  bottom  and  sewed  between  the  lay 
and  body  7^  inches  from  each  end ;  2  hip  straps  of  single  leather  to 
buckle  into  the  breeching  rings. 

Crupper. — Made  the  same  as  for  the  lead-horse,  with  the  exception  of 
having  two  openings  between  the  laj^  and  body  at  distances  of  10  J  to  12^ 
inches  from  billet  end,  for  hip  straps  to  pass  through. 

Dimensions  of  parts  of  Laidley  forge  cart  harness  manufactured  at  Rock  Island  Arsenal, 
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Crupper : 
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Saddleback  band 

Shaft  tngs 

Shaft-tug  billets 

Belly-band  body 

Hames: 

Hame  safes 

Hame  tugs 

Bame-tag  safes 

Hame  streps  (bottom)  . . . 


Number. 

1 

Width. 

Inches. 

}.5 

0.875 

0.875 

2.25 

1.5 

1 

4 

1.75 
1 

2 

3 
3.25 

1.5 
1.5 
1.5 
2 

7 

1.5 

2.875 

1 
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Backles. 

Cut. 

Finished. 

Number. 

Width. 

Inches. 
5.5 
72 
60 
13.5 

43.25 

51 

22 

13.5 

18 

42 

4.5 

6.25 

6.625 

36 

9 

15 

25 

12.5 
29 

11. 25 
22 

Inches. 

2.26 
72 
60 

6.25 
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42 

19.25 

13.5 

18 

42 

4.5 
6.25 

2 

Ifhches. 

1 

1 

2 
1 
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2 

1.5 

■ 
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1 

'          ] 

1 

1 

86 
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2 
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1 

1 
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of  parts  of  LaidUy  forge  cart  harness  manufactured  at  Book  Island  Arsenal^ 
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Number. 
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4 
4 
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Width. 


Inehes. 
1.25 

2 
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0.875 
2 
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4 
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Cut. 


Inches. 
72 

42 
51 
13 
6.5 
48 

13.5 

18 

50 


Finished. 


Inehet. 
62 

42 
43.5 

6 

6.5 

48 

18.5 

18 

50 


Buckles. 
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Width. 

^2 
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0.75 

1 

1 
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appendix:  16. 

REPORT  UPON  CERTAIN  TESTS  FOR  PHYSICAL  PROPERTIES  MADE  WITH 
VARIOUS  SIZES  OF  BAR-IRON  USED  IN  THE  FABRICATION  OF  WROUOHT- 
IRON  TUBES  FOR  CONVERTED  RIFLES,  BY  LIEl'T.  C.  W.  WHIPPI.E,  ORD- 
NANCE DEPARTMENT.  l^NDER  THE  DIRECTION  OF  LIEUT.  COL.  S. 
CRISPIN,  CONSTRUCTOR  OF  ORDNANCE. 

In  the  constraction  of  the  first  8-iiich  converted  rifles  the  wrou^bt- 
iron  tubes  were  made  in  England,  and  the  tests  to  which  the  bar-iron 
nsed  was  sabjeeted  were  those  usnal  at  the  works  of  Sir  William  Arm- 
strong, where  the  tubes  were  made.  The  specimens  taken  along  the 
fiber  were  2  inches  in  length  between  shoulders  and  abont  0.580  inch 
in  diameter. 

The  results  obtained  from  numerous  specimens  were,  approximately, 
as  follows : 

Tensile  strength  per  square  inch,  50,000  x>ound8. 

Elastic  limit  per  square  inch,  25,000  pounds. 

Extension  per  inch  at  rupture,  O'^SO. 

When  the  fiabrication  of  the  tubes  was  first  undertaken  by  the  West 
Point  Foundry  it  was  prescribed  in  the  contract  that  the  bar-iron  should 
equal  in.  all  respects  that  used  in  the  imported  tubes ;  consequently  it 
must  have  the  same  welding  and  physical  properties  and  t^  equally 
free  from  excess  of  cinder. 

The  Ulster  Iron  Works  undertook  to  furnish  the  West  Point  Foundry 
with  such  bar-iron,  and  by  dint  of  perseverance  and  the  utmost  care 
have  up  to  the  present  time  pn^uced  a  material  of  remarkable  uni- 
formity, which  in  all  respects  compares  favorably  with,  and  in  some 
certainly  surpasses,  the  English  iron  it  at  first  aimed  only  to  imitate. 

In  the  report  of  the  Chief  of  Ordnance  for  1877,  Capt.  C.  S.  Smith 
describes  the  mode  of  manufacture  of  the  iron,  and  gives  comparisons 
between  it  and  the  English  iron  as  regards  physical  and  chemi(^  prop- 
erties. 

The  standard  at  first  established  has  been  closely  adhered  to  since, 
though  in  1877  the  length  of  specimens  between  shoulders  was  increasea 
from  2  to  3  inches,  to  adapt  them  to  the  device  then  adopted  for  meas- 
nring  extensions  and  restorations }  the  method  of  proceeding  has  been 
as  follows : 

On  the  receipt  of  the  first  lot  of  iron,  two  specimens  are  taken  from 
sample  bars  of  each  size  of  the  two  grades  of  iron  used.*  lliese  speci- 
mens are  tested  in  the  machine  at  the  Ordnance  agency  not  only  for 
tensile  strength,  elasticity,  and  ultimate  extension,  but  for  gradual  ex- 
tension, restoration,  and  permanent  set ;  and  if  the  iron  prove  satisfac- 
tory, it  is  accepted  and  the  founders  authorized  to  proceed  with  the 
work. 

As  subsequent  lots  arrive  similar  specimens  are  taken  of  each  size  of 
the  two  grades  of  iron,  as  before,  and  tested  in  the  machine  at  the  foun- 
dry for  tensile  strength  and  ultimate  extension. 

The  following  summary  of  the  tests  to  which  this  iron  has  been  sub- 

*The  two  grades,  denominated  A  and  B,  are  used,  respectively,  for  inner  and  outer 
tnbesj  their  properties  are  almost  identical,  but  the  former,  from  additional  working, 
oontams  less  cinder. 
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jected  since  January,  1879,  shows  a  degree  of  uniformity  which  has  been 
attained  in  its  manafacture: 


a  ' 
o 

B 
« 

OB 

«M      t 

O     ' 
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Sizo  of  bar. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


14 
15 
16 
17 
18 
19 
2« 
21 
22 
23 
24 
25 
26 
27 


2i"  square ,  Ordnance  agency 

2k"  square 


Ik" 


.a 

B 


00 

d 


do 
do 


West  Point  foundry. . 


2i"  square 
4"  X  3".36. 

4"X3".36 .1 do 

2^"  square \ do 

2}"  square ;  Ordnance  agency  — 

3"  square ' do 

4"  X  3".35 1  West  Point  foundry. . 


2^"  square 
2l"  square 
2^"  square 
2l"  square 


2i"  square 
2^"  square 
i"  X  3".35. 
4"  X  3".35. 
4"  X  3".35. 
4"  X  8".35. 


do 

do 

Ordnance  agency 
do 


Ordnance  agency 
do 


.do 

do 

.do 

.do 


2if'  square i  West  Point  foundry . 

54"  square ' do 

5]"  square do 

2|"  square do 

4"X3"35 

4"  X3".35 

2V  Sipiare .... 
2}"  square .... 


do 

do 

Ordnance  agency 
do 


0.564 
0.564 
0.564 
0.564 
0.664 
0.564 
0.664 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 


0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 
0.564 


3.00 
8.00 
3.00 
2.00 
2.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


8.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
8.00 
8.00 
3.00 
3.00 
3.00 
3.00 
8.00 


tq.inch. 
49,850 
47,500 
46,500 
47, 552 
47,304 
50,493 
49,000 
48,000 
50,624 
50,420 
51,220 
49,000 
49,000 


48,877 
48,500 
45,600 
44,500 
49,500 
49.500 
50,626 
48,236 
51,220 
51,048 
51,040 
51,  757 
48,000 
48,000 


O  CB 
"S  ^  . 

II  g 


a 


»q.  inch. 
25,000  I 
28,000  ' 
25,000 


25,000  I 
24.000  ' 


29,000 
30,000 


27,015 
26,000 
23,000 
22,000 
21,000 
25,000 


23.000 
26,000 


Inch. 

0.201 

0.3106 

0.2833 

0.31 

0.29 

0.274 

0.301 

0.285 

0.267 

0.28 

0.232 

0.8127 

0.8097 


0.2713 

0.299 

0.174 

0.266 

0.296 

0.268 

0.32^ 

0.22 

0.232 

0.283 

0.290 

0.270 

0.293 

0.289 


A 
A 

A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 


B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 


In  order  to  determine  to  what  Actent  these  tests  of  specimens  indi- 
cate the  true  physical  properties  of  the  bar  itself,  two  bars  of  tube  iron 
were  obtained  last  January  from  the  Ulster  Iron  Works  for  the  purpose 
of  having  them  broken  in  the  machine  at  Watertown  Arsenal.  These 
bars  of  A  and  B  quality,  respectively,  were  2.6  inches  square  in  cross- 
sections,  and  67  inches  long.  From  the  ends  of  each  were  taken  the 
usual  specimens,  which  were  tested  at  the  Ordnance  agency,  while  the 
remainder  of  the  bars  were  sent  to  Watertown  Arsenal. 

The  following  are  the  results  obtained: 


iron: 

Leni^th  between  shoulders inches. 

C  ross-scction do — 

Area square  inches . . 

Tensile  stren^h  per  square  inch pounds.. 

Elastic  limit  per  squkre  inch do 

Extension  per  inch  at  rupture inch . . 

iron: 

Lenf^h  between  shoulders inches.. 

Cross-section do 

Area square  in ches . . 

Tensile  strength  per  square  inch pounds.. 

Elastic  limit  per  square  inch do 

Extension  per  in  cb  at  rupture inch . . 


21.876 
2.5X2.18 

5.325 
51, 940. 00 
20, 900. 00 

0.273 

21. 68      ' 
2".  55X2".  13 
5. 4315 
56, 760. 00 

6.2477 


V6 


3.00 

0.570 
0.2547 
40, 000. 00 
20.500.00 
0. 3112 

3.00 

0.500 

0.2552 

48,000.00 

24, 500. 00 

29.10 


*  Specimens  12,  13,  26,  27,  preceding  table. 
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It  was  anticipated  that,  in  spiteofthegreater length  between  shoulders, 
the  iron  in  the  bar  would  exhibit  a  somewhat  greater  tensile  strength  per 
square  inch  than  shown  in  the  specimens,  from  the  fact  that  on  two 
sides  of  the  bar  the  skin  was  not  removed ;  the  difference  between  the 
extensions  in  the  two  cases  is  also  no  greater  than  was  expected  from 
the  difference  in  lengths.  But  there  are  three  features  show^n  in  the 
above  table  which  are  inconsistent  with  the  results  which  were  antici- 
pated. 

Ist.  The  elastic  limit  in  the  case  of  the  A  iron  is  very  much  lower  in 
the  bar  than  in  the  specimens. 

2d.  The  two  experiments  disagree  as  to  the  comparative  strength  of 
the  two  grades  of  iron. 

3d.  The  difference  in  strength  betw^een  the  B  iron  in  the.  bar  and  in 
the  specimens  is  much  greater  than  the  corresponding  difference  in  the 
case  of  the  A  iron. 
As  regards  the  first  of  these : 

The  first  permanent  "  set"  of  the  A  iron,  as  determines!  at  Watertown 
Arsenal,  was  0''.001,  which  becomes  0''.00012  when  reduced  to  the  length 
of  the  specimens  (3".00).  • 

The  la«t  reading  of  the  vernier  used  while  testing  the  specimens  is 
0".0Ol;  the  first  permanent  set  recorded  is  0''.003.  The  permanent  set 
commenced  to  increase  rapidly  with  the  bar  after  27,000  pounds  tp  the 
square  inch,  and  with  the  specimens  immediately  after  passing  the 
recorded  elastic  limit. 

It  is  probable,  therefore,  that  the  elastic  limit  as  determined  for  the 
specimens  Avas  considerably  too  high,  which  would  moderate  this  dis- 
similarity, as  regards  this  property,  between  the  iron  in  the  bar  and  in 
the  specimens. 

As  regards  the  two  other  discrepancies  mentioned,  in  all  probability 
they  are  explained  by  the  fact  noted  in  Colonel  Laidley's  report  of  the 
experiments  at  Watertown  Arsenal :  "At  268,600  pounds  the  packing 
<>^pump  gave  way,  when  the  strain  was  taken  off*,  and  specimens  stood 
twenty  hours." 

.  It  seems,  therefore,  that  the  specimens  ordinarily  tested  before  accept- 
^^S  tube  iron  for  use  in  gun  constructions  fairly  represent  the  bars  from 
^'^ich  they  are  taken. 


APPENDIX  17. 

LONG-RANGE  FIRING. 

[Being  in  continuation  <:^  Appendix  35,  Report  0/ 1880. J 

National  Armory, 
Springfield,  Mass.,  October  26, 1880. 

Sir:  I  have  the  honor  to  inclose  herewith  the  final  reports  of  experi- 
mental firing  made  at  this  armory  under  my  direction,  by  Captain 
Greer,  Ordnance  Department;  also  a  report  of  firings  made  by  Captain 
Michaelis,  Ordnance  Department,  at  the  Frankford  Arsenal,  in  verifica- 
tion of  those  by  Captain  Greer. 

.These  experiments  were  mostly  a  continuation  of  those  previously 
made  and  reported  on  by  Captain  Greer,  having  for  their  object  the  im- 
provement of  the  range  and  accuracy  of  our  service  small  arms.  The 
conclusion  to  be  derived  fi^m  them  is  that  the  effectiveness  of  the  rifle 
may  be  increased  simply  by  increasing  the  weight  of  the  bullet  and 
without  increasing  the  weight  of  the  powder  charge  or  changing  in  any 
respect  the  constniction  of  the  arm. 

The  objections  to  this  change  are  the  increased  weight  of  ammunition 
to  be  carried  by  the  soldier  and  the  increased  recoil.  Whether  these 
objections  would  outweigh  the  advantage  to  be  derived  can  only  be  de- 
termined by  the  actual  experience  of  the  service. 

It  will  be  perceived  that  there  is  no  falling  off  in  accuracy  of  fire  with 
the  three-groove  500-grain  bullet  and  70  grains  of  powder,  in  the  outside 
primed  Frankford  shell  of  service  length;  the  objections  heretofore 
found  against  the  use  of  this  cartridge  shell  appear  to  be  removed  by 
the  heavier  bullet. 

Very  respectfully,  your  obedient  servant, 

J.  G.  BENTOl^, 
Colonel  of  Ordnance^  Commanding. 

Chief  of  Ordnance,  U.  S.  A., 

Washington,  D,  C, 


National  Armory, 
Springfield,  Mass.,  October  13, 1880. 

Sir  :  I  have  the  honor  to  submit  herewith  results  of  further  trials  with 
the  500-grain  bullet  prepared  at  the  National  Armory  and  described  in 
my  report  of  June  22, 1880,  and  also  of  a  bullet  weighing  505  grains 
having  but  2  cannelures  or  grooves  for  the  lubricant.  The  latter  was 
suggested  by  Colonel  Benton,  Ordnance  Department,  for  use  with  the 
solid-head  copper  shell  made  at  the  Frankford  Arsenal,,  the  powder 
space  of  which  was  of  a  less  capacity  by  about  3  grains  than  that  of  the 
folded-head  shell  now  in  service. 

The  use  of  the  solid-head  shell  with  the  service  bullet  of  405  grains 
was  attended  with  a  decided  falling  off  m  accuracy  Aom  that  ordinarily 
obtained  with  the  service  folded  head,  and  this  was  believed  to  be  due 
to  the  greater  compression  of  the  powder  in  the  smaller  shell. 

The  2-grooved  bullet  entering  the  shell  to  a  less  distance  than  the 
3-grooved,  the  powder  space  was  correspondingly  increased.  In  order 
to  give  as  long  a  bearing  surface  to  this  bullet  as  that  of  the  3-grooved 
it  was  left  within  O^.OOl  of  the  caliber  of  the  gun,  0''.45,  some  distance 
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in  front  of  the  shell,  which  was  crimped  down  on  the  bullet  in  the  usual 
manner.  This  bullet  was  fired  at  various  ranges  and  gave  excellent 
results  so  far  as  accuracy  was  concerned,  but,  owing  to  the  closeness 
with  which  it  fitted  the  bore,  difficulty  was  found  in  closing  the  breech 
block  after  a  few  rounds.  Another  was  then  prepared  which  diifered 
from  the  first  only  in  being  of  slightly  smaller  diajneter,  0''.004  in  front 
of  the  shell.  This  one,  known  as  Ko.  2,  was  fired  with  both  solid  and 
folded  head  shells,  as  it  was  desirable  that  any  bullet  adopted  for 
service  should  work  well  with  either.  At  the  same  time  it  was  thought 
advisable  to  fire  the  3-grooved  bullet  with  both  shells,  with  70  grains 
powder  in  the  service  rifle,  and  also  with  80  grains  of  powder  in  the 
long-chambered  service  and  experimental  rifles  of  18-inch  twist  with 
both  3  and  6  grooves,  by  way  of  comparison. 

When  practicable,  an  equal  number  of  targets  of  the  various  car- 
tridges was  made  the  same  day,  in  order  that  all  conditions  should  be 
the  same. 

Throughout  the  firing  the  lubricant  employed  was  sperm  oil  and  bees- 
wax, except. in  7  targets  of  the  2-grooved  bullet  at  1,000  and  10  targets 
at  500  yards,  when  the  lubricant  was  Japan  wax,  that  now  used  by  the 
Ordnance  Department,  which  was  applied  at  Frankford  Arsenal. 

An  examination  of  the  summaries  of  firing  at  ranges  of  1,000,  800, 
^00,  and  300  yai*ds  and  the  accompanying  abstract*  shows  that  the 
best  results  were  obtained  with  the  long-chambered  service  rifle  with 
80  grains  powder  and  500grain  bullet,  which  is  in  accordance  with  the 
results  given  in  the  report  previously  referred  to. 

Omitting,  however,  all  consideration  of  the  long-chambered  guns,  it 
will  be  seen  that  the  best  results  in  the  service  rifle  were  obtained  with 
the  600-grain  bullet— 3-grooved — and  the  solid-head  shell.  This  rather 
surprising  circumstance  may  be  explained  partly  by  the  supposition 
that  variations  in  the  compression  of  the  powder  have  less  effect  on  the 
heavy  bullet  than  on  the  light  service  bullet  of  405  grains  weight,  and 
partly  by  tiie  fact  that  the  same  marksman  will  frequently  make  con- 
secutive targets  with  the  same  ammunition  which  differ  widely.  A 
single  poor*target  may  cause  a  bad  average,  particularly  when  the  num- 
ber of  targets  is  comparatively  limited.  In  these  trials,  however,  the 
solid-head  shell  gave  better  results  than  the  folded  at  all  the  ranges  tried 
except  at  600  yards,  when  they  were  about  equal.  The  powder  was  a 
slow-burning  one  which  had  given  excellent  results  when  used  in  the 
2.4-inch  shefi  witii  80-grain  charges.  It  is  possible  that  it  was  too  slow 
for  the  70-grain  charge  in  the  folded-head  shell,  and  that  the  extra  com- 
pression in  the  solid-head,  which  increased  the  velocity,  improved  the 
accuracy. 

By  comparing  the  records  of  both  heavy  bullets  with  that  of  the  serv- 
ice it  will  be  seen  that  somewhat  better  accuracy  can  always  be  ex- 
pected from  the  former:  and  as  this  is  accompanied  with  an  increased 
range,  it  would  seem  desirable  to  give  one  or  both  of  them  a  trial  in 
service.  The  use  of  the  3-grooved  bullet  gives  a  more  compact  car- 
tridge— ^the  difference  in  length  being  about  0".2  of  an  inch,  and  one  in 
which  the  stability  of  the  bullet  is  more  fully  assured.  The  shorter  the 
eartridge  the  easier  it  will  be  to  construct  a  magazine  gun  for  its  use. 
Very  respectfully,  vour  obedient  servant, 

JOHN  E.  GBEER, 
Captain  of  Ordnance^  U.  S.  A. 

To  the  Cosof  ANDiNa  Officeb,  National  Abmoby. 

*The  daily  record  is  also  snbmitted  as  showing  conditions  of  wind,  &c.y  ander 
vhich  the  Tarions  cartridges  were  fired. 
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1,000  yards  range. 


Powder. 


Rifle. 


Jalv28, 1880. 
Service.    long- 
chttmber. 
Do 


Ane.  5, 1880. 
Service 


Do. 
Do. 
Do. 
Db. 
Do. 
Do. 
Do. 
Do. 
Do. 


Sept  2, 1880. 
Serrice.    long* 
chamber. 
Do 

Do 


IS-inch  twist,  8 
grooves,  long- 
diamber. 
Do 

Do 


lA-inch  twist,  6 
groovee,  long- 
ohainber. 
Do 

Do 


Sept  3, 1880. 
Service,    long- 
cbomber. 
Do 


Do 

Ig-inch  twist  8 
grooves,  long- 
ehamber. 
Do 


Do 

IS-liHSh  twist,  6 
|9t»oves,loiii^- 
ebsmber. 
Do 


Do 


Org. 
80 
80 

70 


70 
70 
70 
70 
70 
70 
70 
70 
70 


80 
80 
80 

80 

80 
80 

80 

80 
80 

80 
80 

80 

80 

80 

80 
80 

80 
80 


HssardfF.G. 

...do 

(Csl]n.J 
HasardfF.G. 

...do 

...do 

. .  -do 

...do 

. .  .do 

...do 

...do . ....... 

...do 

...do 

[Calm.] 

Hazard,  F.G. 

...do 

...do 

...do 

...do 

...do 

...do 

.  -  .do 

[Heavy  wind 
Hazard,  F.G.. 
...do 

...do 

'...do 

. .  -do 

— do 

— do 

— do 

. . .  .do 

[Heavy  wind 


Bullet. 


Org, 
500 
600 

505 


505 
505 
505 
50& 
506 
505 
505 
605 
505 


500 
500 
600 

500 

500 
*600 

500 

500 
500 
finom 
600 
500 

600 
600 

600 


Kind. 


.4555 
.4555 

.4655 


.4555 
.4565 

.4556 
.4556 
.4555 
.4665 

.4665 
.4666 
.4566 


.4555 

.468 

.468 

.4555 

.468 
.456 

.4556 

.458 

.468 

right 

.4556 

.4556 

.468 
.4556 

.4555 


500  .458 
.4566 


600 
600 

500 
firom 


.4555 


458 


Springfield,  3-grooved, 

iVtbi. 
do 

Springfield,  2-grooTed, 
No.  1,  X  tin,  solid- 
head  shell. 

do 

do 

do 

do 

do 

do 

do 

do 

Springfield,  S-grqoved, 

Ado. 
Primkford,    S-grooved, 

iVtin. 
do 

Springfield,  S-grooved, 

Frankford,    S-grooved, 

iVtin. 
do 

Springfield,  S-grooved, 
Attn. 

Frankford,    3-grooved, 

Attn. 
do...-, 

and  ftont  J 

Springfield,  3-grooved, 

do 

Frankford,    8-grooved, 

A  tin. 
Springfield,  3-gTOOved, 

At&i. 

do 

Frankford,    3-grooved, 

A.tio- 
Sprinfffield,  3-grooved, 

do 


Frankford,    3-grooved, 


right  land  front] 


A  tin> 
dj 


i 


I 


Deviations. 


M.H 


M.A. 


1 

6.3 

17.2 

las 

2 

15.2 

13.1 

20 

Mean. 

10.7 

15.1 

19.1 

1 

9.6 

15.1 

17.9 

2 
3 

4 
5 
6 
7 
8 
9 
10 

18.7 
19.9 
8.8 
10.7 
12.9 
18.4 
10.5 
14  8 
14  5 

13.2 
17.2 
17.6 
10.8 
23 
11 
12 
7.9 
12.6 

22.9 

26.3 

19.3 

15.2 

26.4 

2L4 

16 

16.4 

19.2 

Mean. 

18.8 

14 

20.1 

1 

141 

12.7 

19 

1 

13.1 

20 

23.9 

2 

'14  4 

21.9 

26.2 

Mean. 

13.7 

20.9 

25 

1 

18.6 

14  8 

23.8 

1 

14  9 

15.5 

21.5 

2 

18.6 

242 

27.8 

Mean. 

14  2 

19.8 

24.6 

1 

17 

18.8 

25 

1 

21.7 

28 

86.4 

2 

15.7 

80.6 

344 

Mean. 

18.7 

29.8 

84.9 

1 

26.8 

14  6 

80.5 

2 

10.3 

16 

ia2 

Mean. 

ia6 

14  8 

243 

1 

18.6 

27.2 

30.4 

1 

11.8 

12 

ia5 

2 

18.8 

14  8 

23.9 

Mean. 

15 

13.4 

20.2 

1 

15.3 

23.7 

28.2 

1 

14  9 

12.5 

19.4 

2 

18 

15 

23.4 

Mean. 

16.4 

13.7 

2L4 

1 

8L6 

13.3 

34.3 
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1,000  yards  raiM/^— Continued. 


Rifle. 


Sept  21, 1880. 
Service,    long* 
chamDer. 
Do 


Service 


Do. 
Do. 


Do. 


Do. 
Do. 


Do. 


Do. 
Do. 


Do. 


Do. 
Do. 


[Stronff  ^ 
.22.im 


Powder. 


.J 

I 


Sept  22, 

ServiccL  long- 
chamoer. 

18-inch  twist,  8 
grooves,  long- 
chamber.     V 

IS-fanch  twist,  o 


grooves,  long- 
chamber. 

[Strong  wind 

.25.1880. 


Ort, 
80 
80 

70 


70 
70 


70 


70 
70 


70 


70 
70 


70 

70 
70 

'ind 

80 

80 

80 


Sept  25, 
Service . . 


Do. 
Do. 


Do. 


Do. 


Do 


De. 


Do 
Do. 


[Strong  w 


70 


70 
70 


70 


70 


70 


70 


70 
70 

ind 


Kind. 


HaEard,F.O. 


.  ...do 

....do 

....do 

— do 

."...do 

do 

do 

do 

• 
— do 

—  .do 

do 

firom  right  and 

..-.do 

— do 

— do 

from  right] 
do 

. . .  .do 

..'..do 

do 

do 

....do 

do 

do 

.  ...do •• 

from  right  and 


Ballet 


4i 

MM 


.a 


Kind. 


Ort. 

600 

.4666 

500 

.4655 

606 

.4665 

506 
606 

.4666 
.4666 

606 

.4555 

606 
506 

.4565 
.4565 

600 

.4566 

500 

SAO 

.4656 

.4556 

Springfleldf  8-grooved, 

At&i. 
do 


Springfield,  2-grooved, 
^o.  2,   tVr  tin,  aoUd- 
headsheu. 

do 


Springfield,  2-grooved, 
No.  2,  A  tin,  folded- 
head  shell. 

do 

do 


Springfield,  S-grooved. 
*    A     tin,     soud-head 
sheU. 


600 


500 
500 


.4556 


.4556 
.4655 


.do. 
.do. 


Springfield,  S-grooved, 
^   tin,    foUted-head 

do 

do .' 


front  ] 

600  .4555  [  Springfield,  S-grooved, 

!           I      A  tm. 
500  .4556    do. 


500 


505 


505 

605 


606 


506 


500 


500 


600 
600 


.4555   do. 


.4565 


4656 
.4655 


.4566 


.4555 


.4555 


.4555 


.1 


Springfield,  2-grooved, 
No.  2.  ^  tin,   solid- 
leil. 


head  ahel 

...do. 

...do. 


Springfield,  2-grooved,  < 
iITo.  2,  A  tin,  folded- 
head  shell. 

do 


do. 


Springfield,  3-grooved. 
tV    bin,    folc^- 


shell. 


,4555   do. 

.4565  ' do. 

I 


S 

I 


i 


1 
2 

Mean. 
1 

2 
8 

Mean. 

1 

2 
S 

Mean. 

1 

2 
3 

Mean 

1 


2 
8 


Deviations. 


M.H.M.V. 


8 
Mean. 
1 

2 
Mean. 
1 


lai 
22.4 


20.2 


9.5 


14.2 
20.6 


14.7 


12.8 


ao 

10.2 


10.6 


K.2 


16.2 
10.6 


15.2 
1&5 


M.A. 


23.« 
29.1 


16.8 


19.3 


21 
246 


2L6 


20.S 


21.5 


25.4 
31. » 


26.8 


22.2 


14.4 
26 


20.9 


20.8 


11 
18.2 


14.3 


19.7 


30.9     20.6 


7.7 
10.1 


16.9 
14.8 


16.2 


6.3 


Mean. 

1| 

1     18.5 

15.2 
12.5 


17.4 


8.1 
19.9 


13.6 


17.5 


2L4 


19.6 


ia4 


30.8 
18.8 


22.6 


U.9     84.9 


15.6 


2&2 


13.7 


2 

8 

Mean. 


19.5 


17.6 


19.9 
10.7 


31.5 


25.6 


16.8 
27. » 


28.4 


83.» 


19.6 
2L1 


24.» 


87.1 


l&S 

17. » 


24.ft 


1&6 


28.3 


24.  a 


22.2 


31. » 
27.4 


27.1 


86l1 


32.2^ 


34.5 


20 


22.8 


22.8 
23.1 


27.9 


2a  S 


30.3^ 
2a5 


lai     22.9       29.2 
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1,000  yards  raiv^e— Continued. 


Powder. 


Rifle. 


3 


Oct.  2, 1880. 

Berrioe 

Bo 


Do. 
Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Ort. 

70 
70 


70 


70 


70 


70 


70 


70 


70 


Do 

(StUrinee 
Oct.  &,  1880. 

Service 

Do 

Do 


Do. 
Do. 

Do. 


70 
70 
70 


70 
70 

70 


I 


Do. 
Do 


Do. 

Do. 
Do. 


Do. 


Do 

Do 

[Freeh  br 
Oct.  8,  1880. 

Berri«?e 

Do 


70 
70 


70 

70 
70 


70 


70 
70 

eez 

70 
70 


Kind. 


Service 
do .. 


Hauzd^F.G. 
— do 


.do. 


..do 


..  .do 


...do 


.do 


70   ....do 

ze  f  rom  right  and  tr 


Service 

do .. 

— do .. 


Bullet 


HAMidfF.O. 


.do 606  1.4665 


Grt. 
405 
406 


606 
606 

506 
606 

600 
600 

500 

600 

ont] 

406 
406 
406 

506 


£ 

i 

o 


,468 
,458 


.4566 


.4555 


.4666 


.4655 


.4656 


.4666 


.4555 


.468 
.458 
.466 


.4655 


..do 


.do 
.do 


505  1.4556 


506 


.4555 


505  1.4565 


Kind. 


Service. 
do. 


Springfield,  2.giooved, 
No.  2,  A  tin,  solid- 
head  eheU. 

do 


Springfield,  2<grooved, 
^o.  2,  A  tin;  folded- 
head  ehell. 

do 


Springfield,  S-erooved, 
A  tin,  solid-head 
shell. 

do 


.4555     Springfield,  S-grooved, 
A    tin,    folded -head 
shell. 
do *.. 


Service . 

do. 

do. 


Springfield,  2-grooved, 
No.  2,  X  tin,  solid- 
head  shell. 

do 


Springfield,  2-grooved, 
No.  2,  A  tin,  folded- 
head  shell. 

do 

do 


....do '    500  .4555     Springfield,  3-grooved, 

I  I      3^  ttai,  solid-head  shell 

....do I    500  .4555 do 

do !    500  .4655  1 do 


....do •    500  .4653  I  Springfield,   3-grooved 

folded  -  head 


..do I    500  .4665 

...do 600.4555 

I  J 

e  Arom  the  righ  t  and  front. 


Service 
. ...do  .. 


406     .  468 

405  I  .  458 

I 


I 


o 


1 
2 

Mean. 

1 

2 
Mean. 
1 

2 

Mean. 
1 

2 
Mean. 
1 

2 

Mean. 

1 
2 
3 

Mean. 

1 

2 
Mean. 
1 

2 
8 

Mean. 

1 

2 
3 

Mean. 

1 


2 
8 

Mean. 

1 
2 

Mean 


Deviations. 


M.H. 


88.0 
21.7 


22.8 


14.8 


10.5 


12.6 


M.V. 


1&4 
27.1 


22.7 


32.8 


32.8 


32.8 


M.A. 


80.2 
84.7 


82.S 


18. 8     36. 5       41.  & 


12.6 


16.2 


19.9 


13.3 


16.6 


12.8 


17.6 


16.1 


28 

20.8 

28.2 


26 


16.4 


15.8 


38.8 


5.8 
15.9 


20.1 


14.8 

10.8 
13.0 


16.2 


20.8 


20.2 
15.6 


18.9 


12.8 
16.1 


14.4 


18.8 


27.6 


15.8 


18.7 


17 


30.4 


ia7 


23.5 


2&8 

•ia6 

22.1 


14.8     21.3       26.7 


88.9 


30.6 


20. 


17.6 
26.4 


21.8 


24 

15.9 
19.8 


19.9 


22.3 


21 
88.6 


^2.4 
28.9 


86 


34.4 


35.2 


22.6 


82 


25.1 


24 


24.2 


28.6 


37.7 
28.6 
36.& 


22.3  I    84.8 


48.1 


84.4 


48.7 


18.4 
30.8 


80.7 


28.2 

2.'».  4 
24.2 


26.9 


30.6 


20l1 
87.1 


25.6     82.2 


84.8 
83.1 


30.6     38.9 
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1,000  yards  ran^a—Continued. 


Powder. 


Riflo. 


t 


Oct  8, 1880. 
Service 

Do 

Do 

Do 

Do 

Do 

Do 

Do.. 

Oct.  9, 1880. 

Service 

Do 

Service,     long- 
chAmber. 
Do 

Do :. 

Do....i.... 

18-iiich  twist,  8 
groove8,long- 
chamber. 
Do 

Do 

Do 

Id-inch  twist,  6 
grooves,loiig- 
chamber. 
Do 

Do 

[Fresh  br 
Oct.  11, 1880. 
Service 

18-lnch  twist,  3 
grooves,long- 
chamber. 

Do 

Do 

Do 


Cfrs. 

70 


70 
70 
70 


70 


70 
70 


70 


70 
70 


80 
80 

80 
80 

80 
80 

80 
80 

80 

80 

80 

eez 

70 

80 


80 
80 
80 


KiDd. 


Hazard,  F.G. 


. . .  .do 
.  ...do 
. . .  .do 


.do 


.do 
.do 


.  • .  .do 


Calm. 
Service . . 
do 


Hazard*  F.  G 
— do  .»....., 


Bullet. 


Deviations. 


...do 
...  do 

..  do 
...do 

..  do 
do 


•  « •  Uw    ■•»  ••••■■ 


...do  ........ 

...do 

e  from  the  fron 

Service 

Hazard,  F.  G. 


.do  ... 
.do  ... 
.do  . . . 


Ore. 
505  .4555 


505  .4555 
505  .4555 


505 


.4555 


505  .4555 


505 
505 


500 


405 


.4555 
.4555 


.4555 


.458 


405     .458 


500     .458 


500 


.458 


500  .4555 
500  1.4555 


500 
500 

500 
500 

600 

500 
500 


tl 


405 
500 


500 
500 
500 


Kind. 


SpriuKfleld,  2.grooved. 
If o.  2,  ^  tin,80lid-head 
shell,  lubricated  with 
Japan  wax. 

do 

do 

do 


Springfield,  2'grooved, 
^o.  2,  A  tin,  folded- 
head  shell,  lubricated 
with  Japan  wax. 

do 

do 


Sprinirfield,   3-grooved. 
/« tiu,  solid-head  shelL 


Service,  ^  tin . 
, do 


Frankford,    3-grooved, 

A  tin. 
do 


Sprinsfleld,  3-grooved, 

T^tih. 
do 


Frank  fordf    3-grooved, 
^  tin. 

do 


Sprinf^eld,  3-grooved, 

A  tan. 
do , 


Frankfordf    3-groovedf 
^  tin. 

Springfield,  3-grooTed, 

A  tin. 
do 


Service 

Springfield,  3-grooved, 


.458 

.458 

.4555 
.4555 

.458 

4555 
4555 

.458 
.4555 

.4555    do 

.4555    do  .. 

.4555  I do  .. 


2 
Mean. 

1 

2 
Kean . 

1 

1 

2 

Mean. 

1 
1 


2 
3 

4 


1&8 

21.8 

28.8 

15.8 

27.3 

32 

13.4 
8.9 

14.5 
14.2 

19.7 
16.7 

11.1 

14.3 

18.2 

14.8 

22.7 

27.1 

12.8 
13.1 

13.6 
32.5 

18.7 
35 

12.9 

23.0 

26.8 

11.8 

10 

22.4 

15.9 

11.6 

12 

16.3 

12.5 

15.6 
19.1 
11.3 

20.2 

19.6 
22.6 
19.8 

Mean  . ,  13. 0  i  14. 6     20.  5 
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1,000  yards  ra»pc— Continued. 


Powder. 


Bullet. 


Rifle. 


Kind. 


Oct.  11,  1880.    Cfrs. 
18-ioch  twiBt,  6    80 
grooveftflong- 
cbamber. 

Do 

Do 

Do 


80 
80 
80 


[Stiff  bre  eze 
Oct  12,  1880. 
Berrice 


Do. 


70 


70 


Hazard,  F.  G. 

....do  ........ 

fh>m  frpnt.] 
...do 


.do  ... 


Seryice.  1  o  n  g- 
ebuDoer. 
Do 


80  I do 


80 


IS-iacb  twlst,.3    80  , 
KTooves,long- 
ehamber.         ( 
Do.... 80 


Oct  12, 1880. 
18.iiicli    tiriat, 
•  groovea, 
long-chaBi* 
ber. 
Do 


Very  atro 
Oct  13  1880. 

Service 

Do 


Do. 
Do. 

Do. 
Do. 

Do. 


80 


60 

70 

•70 


70 
70 

70 
70 

70 


.do 


.do 


■do 


.do 


.do 


wind  from  the 


Serrioe 
. . .  .do  . . 


Hasard,  F.  G. 


. . .  .do 

....do 
....do 

....do 


9 


Grs. 
600 


600 
600 
600 


605 
605 

500 
600 

600 
600 


'3 


.4555 


.4555 
.4556 


Kind. 


Sprinfcfleld,  3-giooTed, 
A  tin. 


do 

.do  ....  ... 


.4556    do 


.4555 
.4565 

.4565 
.4556 


Springfield,  2-grooved, 
No.  2,  4\  tin,  solid- 
bead  Bhell. 

do 


Sprinf^eld,  S-grooved, 

A  tin. 
do 


600 

500 
right. 

405 

405 

605 
605 

500 
500 

600 


■  4vOO        •«••••  UCr  ••«••«*•  ■■  •  «  ' 


.4656 


.do. 


.4666 


.4566 


.458 
.458 


.4655 
.4555 

.4556 
.4555 

.4655 


do. 


5 

o 
o 
"A 


2 
3 
4 


Deviations. 


M.H.  M.y.  M.A. 


13 


16.3 
10.1 
19.7 


23.4 


16.6 
12.1 
17.2 


.do. 


Service,  i^tin. 
do 


Springfield,  2  grooved, 
No.  2,  A  tin,  folded- 
head  shell. 

do 


Do 70  I. ...do 

I 


Service,    long-     70   do 

chamber. 
Do '  70  I do 


600 '.4555 


600 


.4555 


500  '.4555 


Springfield,  3  grooved, 
tV  tin,  solid-head 
shell. 

do 

I 


Springfield,  3  grooved, 
A  tin,  folded-head 
sfielL 

do 


Sprioftflfld,  3  grooved, 
do 


26.8 


23.2 
16.8 
26.1 


Mean. 

14.8 

17.3 

22.9 

1 

6.6 

18.4 

19.5 

2 

12.4 

29.2 

31.7 

Mean. 

9.5 

23.8 

25.6 

1 

14.8 

13.2 

19.5 

2 

14 

21.8 

25.9 

Mean. 

14.1 

17.5 

22.7 

1 

11.3 

14.3 

16.2 

2 

16l2 

9.1 

17.7 

Mean. 

18.2 

11.7 

17.9 

1 

12.1 

16l7 

19.8 

2 

21.8 

19.6 

29.3 

Mean. 

16.9 

17.6 

24.5 

1 
2 

25.7 
87.3 

18.3 
19.4 

31.5 
42 

Mean. 

3L5 

18.8 

36.7 

1 

120.8 

14 

25.1 

2 

12.0 

32.1 

34.6 

Mean. 

'  16.8 

23 

20.8 

1 

18.5 

25.6 

31.6 

2 

22.4 

21.4 

31 

Mean. 

20.4 

23.5 

31.3 

1 

10.3 

27.3 

29.2 

2 

26.3 

32.8 
30 

42 

Mean. 

18.3 

35.0 

1 

9.9 

20.1 

22.4 

2 

28.4 

14.9 

32.1 

Mean. 

19.1 

17.5 

27.2 

9  OBD 
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1,000  yards  range — Continued. 


Bifle. 

Powder. 

Bullet. 

No.  of  targets. 

Deviations. 

'u           Kind. 

Gr». 
80  !  Hazard,  F.G.. 

1 
80   ....do 

-a 

Kind. 

M.H.,M.V. 

1 

M.A. 

Oct  13, 1880. 
18-inob    twisty 
3  grooves, 
long-cb  am- 
ber. 
Do 

Ora. 
500 

600 

500 

500 
right 

.4555 

• 

.4555 
.4555 

.4555 

1 

Springfield,  3  grooved, 
ft  tin. 

do 

do 

1 

2 
Mean. 

1 

2 
Mean. 

28.8 
26 

17.3 
19.9 

33.6 
32.7 

1 

27.4     18.6 

33.1 

18-lneh    twist. 

80  '....do  ......... 

17 
30.4 

19.8 

M  7 

26.1 

6  grooves, 
long-obam- 
ber. 
Do.  ........ 

ftn  ! Ha 

do 

37.9 

. 

Wind  st  ron  g  and  gusty  from 

1            1 
and  f  ront. 

23.  7     21.  2 

32 

I 

800  yards  range. 


Service 70     Hazard,F.G. 


Do. 
Do. 
Do. 
Do. 


July  31,  1680. 

Service 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


I  70    . 

;  70  . 

I  70  |, 
70 


70 

70 

I  70 

i  70 

I  70 

'  70 

70 

79 

70 

»70 


Service,  long-  i  80 
cbamDer.         i 


Do. 


80 


18-inGb  twist,  3  j  80 
grooves,  long-  • 
chamber.         i 
Do 80 


18-incb  twist,  6     80 
grooves,  long- 
chamber. 
Do I  80 


Aug.  9, 1880.    1 
Service :  70 


Do. 
Do. 
Do. 
Do. 


..do 

..do 

..do 

...do 


.do 
.do 
do 
.do 
do 
.do 
.do 
■do 
.do 
.do 


.do 
.do 

.do 
.do 


.do 


.do 


70 

....do 

70 

....do 

70 

—  do 

70 

....do 

505     .458 

505  .458 
505  1  .458 
505  .458 
505     .  458 


600 


500 


600 


600 


605 

605 
505 
505 
605 


505  >  .458 

505  ,  .458 

505 

505 

505 

505 

505 

605 

505 

605 


Springfield,  2  grooved, 
No.  1,  ft  tin. 

do. 

.do. 
. . . do . 

do. 


•••••• 


do . . . . . 

do 

.  458    do 

.458    do 

.458    do 

.458  ' do 

•  4do     ......  do . . . • • 

.do 

.do 

.do 


.468 
.458 
.458 


600  .  4555     Springfield,  3  grooved, 
ft  tin. 
do , 


.4555 


I 


.4556  7. do. 


500  .4555   do. 


.4556   do. 


4655 


.do. 


.458  ,  Springfield,  2  grooved, 

No.  1,  ft  tin. 
.458  i do 

.458  ' do 


1 

12.8 

8.5 

15.4 

2 

11.9 

5.8 

13.2 

3 

9.9 

9.0 

14 

4 

12.2 

12.5 

17.5 

5 

11.4 

6.6 

13.2 

Mean. 

11.6 
10.4 

8.7 

14.7 

1 

9.8 

14.3 

2 

9.5 

7.1 

11.9 

3 

8.1 

9.9 

12.8 

4 

13.7 

13.6 

19.3 

5 

11.7 

10.6 

15.8 

6 

10.2 

12 

15.  H 

7 

9.9 

10 

14.1 

8 

8.3 

11.5 

14.2 

9 

12,6 

10 

16.1 

10 

10.2 

13.2 

16.7 

Mean. 

14.1 

10.8 

15.1 

1 

1  » 

10.5 

13.8 

2 

13.4 

1 

12.8 

18.5 

* 

.458 


.do 
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800  yards  range — Continued. 


Rifle. 


Powder. 


Kind. 


Bullet. 


Deviations. 


Au^.  31. 1880.    Grs 


Service,  long- 

chamber. 

Do..-- 

Do..... 

Do.... 


Ang.  31, 1880. 
Bervice,    long- 
chamber. 

Do 

Do 


Do. 
Do 


18-lnch  twist,  3 
KTOQves,  long- 
chamber. 


80 

80 
80 
80 


80 


Hazard;  F.  G. 


.do 
.do 
.do 


.  ...do 


80  '....do 


80 

80 
80 


...do 

...do 
,..do 


80  I. ...do 


Do 
Do 
Do. 


Do. 

Do. 
Do. 


Do. 
Do. 


80 
80 
80 


80 

80 
80 


80 
80 


IMuch  twist.  8    80 
croores,  long- 1       t 
chamber. 


,.do 
,.do 
..do 


..do 

..do 
..do 


,.do 
.do 

..do 


80 
80 
Do 80 


Do. 
Do. 


Do. 

Do. 
Do. 


.do 

,.do 

I  «Ui/    •  •  •  •  •  fl 


Do. 
Do. 


^aept28,1880. 
Serrice 


80 

80 
80 


80 
80 

70 


.do 

.do 
.do 


..do 
..do 


.  •  uO  •.•••■• 


•mm 


o 

MM 

o 


Kind. 


I.. 

s 


Ors. 

500 

.4555 

500 

.4555 

500 

.4555 

500 

.4455 

.4555  I  Sprinf^fleld,  3  grooved, 
I      A  tin. 

do 


500 

500 
500 


500 
600 


• 


500 


500 
500 


.4555 
.4555 


Sprin^i^fleld,  3  grooved, 
1^  tin. 


.4555    do 


.458 

.458 


.4555 


Sprin^eld,  3  grooved, 
i\i  tm. 


.4555 
.4555  {. 


500  i.4555 


500 


do.. 

.do... 

do.. 


.4555 


500  .4.'>55 
500   .4555 

i 


Sprinj^eld,  3  grooved, 
t^  tin. 

do 


600 
500 

500 


500 
500 
500 


.458 
.458 

.4555 


.4555 
.4555 
.4555 


500 

.4555 

500 
500 

.4555 
.4555 

600 

.458 

500 

.458 

500 

.4555 

Franlcford,  3  grooved, 

iV  tin. 
do 


Sprinj^eld,  3  grooved, 
^  tin. 

do 

do 


Springfield,  3  grooved, 
^thi. 

.....do 

do 


Frankford,  3  grooved, 

T*r  tin. 
, do 


<M 

o 

M.H. 

M.  V. 

M.  A. 

• 

1 

1 

7.4 

10.4 

12.8 

2 
3 
4 

7 

5.8 

9.4 

11.7 
22.5 
11.9 

13.6 
23.2 
15.2 

Kean. 

7.4 

14.1 

16.2 

1 

7.5 

13.2 

15.2 

2 
3 

12.1 
83 

9.3 
11 

9.9 
14.8 

15.6 
17 

Mean. 

12.6 

15.0 

1 

7.5 

13.3 

2 

12.9 

18.2 

22.3 

Mean. 

11.9 

12.8 

17.8 

1 

16 

9.3 

18.5 

2 
3 
4 

19.1 
5 
9.7 

12.4 
9.2 

13.2 

9.8 

15.6 

23.2 

11 

18.4 

Mean. 

11.9 

17.8 

1 

12.8 

15.8 

2 
3 

6.2 
10.2 

8.5 

10.6 
12.1 

12.3 
15.8 

Mean . 

11.8 

15.6 

1 

7.9 

14.9 

16.9 

2 

&6 

14.1 

16.5 

Mean. 

8.2 

14. 5  j  16. 7 

1 

14.1 

11.9 

18.4 

2 
3 
4 

&8 
11.1 
10.2 

13 
9.4 
10.6 

11.2 
7 

15.7 
14.5 
14.7 

Mean. 

11.0 

15.8 

1 

4.8 

8.5 

2 
3 

&2 
0.6 

8.7 
&4 

12 
12.7 

Mean. 

7.5 

8 

11 

- 

zrz-  .- 



Springfield,  2  grooved, 
No.  2,  A  tin,  solid- 
head  shell. 


1 
2 

Mean 


12.2 
6.9 

9.5 
6 


6.9 

10.8 


8.8 


15.4 


14 
12.8 


13.4 


16.5 
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800  yards  range — Continued. 


Bifle. 


Sept.  28,  1880. 
Service 


Do. 


Sept  29, 1880. 

Service 

Do 

Do 

Do 

Do 

Do 


Do. 


Do. 
Do. 
Do. 
Do. 
Do. 


Do. 


Do. 
Do. 
Do. 
Do. 
Do. 


Do. 


Do. 
Do. 
Do. 
Do. 
Do. 


Powder. 


'3 


Kind. 


Grt. 
70 


70 


70 

....do 

70 

do 

70 

....do 

70 

do 

70 

do 

70 

....do 

70 
70 
70 
70 
70 


70 


70 
70 
70 
70 
70 


70 


70 
70 
70 
70 
70 


Do. 


I  70 


Do. 
Bo. 
Do. 
Do. 
Do. 


70 
70 
70 

70    . 

70    . 


Hazard,  F.G. 


do 


...do 


.do 
.do 
.do 
.do 
.do 


....do 


..do 
..do 
..do 
..do 
..do 


.do 


.do 
.do 
.do 
.do 
.do 


....do 


..do 

..do 

.do 

.do 

..do 


BoUet. 


•a 


tf 


On. 

sat 


i 


Kind. 


4555 


500 


500 
500 
500 
500 
500 
500 


500 


500 
500 
500 
500 
500 


500 


500 
500 
500 
500 
500 


500 


4555 


.4555 
.4555 
.4555 
.4555 
.4555 


s 


Devifttione. 


m.h.;m.v.  ,M.A. 


Springfield,  2  ffroeved, 
No.  2,  A  tin,  BoHd- 
head  BhelL 


Springfield,  2  grooved, 
2^o.  2,  A  tin,  folded- 
bead  BhelL 

Service,  ^  tin 

■  •■•*«  uO* •«•«■• 

■  ••••■  UCI  ••••■•• 

■  *•■••  UU  ■   ■  ■  a  •    ■  • 


.4555    do. 


2 


13.4 


17. 7     22. 2 


Mean.      7        16. 5  I  19. 3 


.4555 


Springflel<  2  grooved, 
Xo.  2,  ^'tin,  Bolid- 
eU. 


head  ehe 

.4555   do 

.4555  1 do 

.4555*1 do 

.4555  1 ^ 

.4555    do 


1 

11..7 

18.9 

1 

15.1 

15.3 

2 

11.6 

12  2 

3 

12.9 

10.2 

4 

21.9 

17.9 

5 

8.5 

13.2 

6 

14.9 

15.8 

Mean. 

14.1 

14.1 

22.2 


21.5 
16.8 
16.4 
2a3 
15.7 
21.7 

20.1 


.4555 


.4555 
.4555 
.4555 
.4555 
.4555 


4555 


500 
500  ;. 
500 
500 
500 


4555 
4555 
4555 
4555 
4555 


Springfield,  2  grooved. 
No.  2,  X  tin,  folded- 
head  Bheil. 

do 


.do., 

do.. 

.do., 

do.. 


2 
3 

4 
5 
6 


Mean  .    IL  7     15. 2  :  19. 5 


2 
3 
4 
5 
6 


Mean 


10. 7     11 


600  1.4555 


Springfield,  3  grooved. 

A  tin,   B  olid-head 

BoelL 
do 

p  •  ■  •  •  •  CtO  •  ••••••  • 

•  ««••■  CIO  •  ••■•••• 

do 


500   .4655  do. 

600  .4555  do... 

500  '.4555  do. 

500 
500 


Springfield,  3  grooved, 
A   tin,    folded-head 


2 
3 
4 
5 
6 

Mean 


[Strong  vrin  d  fr  om  the  right  an  d  rear 

Sept  30, 1880.           ! 
Service '  70  ,  Service *05 


.4&'^5    do. 

.4555  I do. 


.458 


Service,  I'g  tin 


2 

3 
4 

■i  5 

I  fi 

I  Mean 

I         1 


17.7  I  26.4 


18.5 

ia6 

22.4 
12.5 
10. 7     17. 3 


13. 8     19. 3 


12.2  :  17.5 


9.9  ,  15.2 


12.2     17.2     21.1 


10.3     14.2 


I  12.9     12.1 


Do 70  I  Hazard,  F.  G . .     500  |.  4555  ,  springfleld,  2  grooved, 

A    tin,    folded-head 


Do. 
Do. 


I     KAft  i      shell. 

70    ....  do o»"   .  45.'>5  !  Springfield,   3  grooved 

!  !      y>o  tin,    solid-head 


1 
1 


70    do 


KAi  I  .,—  ,      shell. 
503   .4555  I do. 


21. 8     10. 1  ;  24 


7.4  I  17.9     19.4 


5.4     12.8     13.9 


15.2  I  11.8     19.  :i 


Mean.    10.3     12.3     IC.  6 
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800  yards  range — Continued. 


Klfle. 


Powder. 


tc 


Kind. 


Sept.  30, 1880. 


Service 


Ort 

70 


Do. 


70 


Light    wind  ^ 

Oct.  1, 1880.     I 
Serrice '  70 


Do. 
Ho. 


Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 


Do. 


Oct.  2, 1880. 
Senrice.  long- 
chamber. 

Do 

Do 

Do 


18-inch  twiflt,  3 
grooTe«,long- 
chamber. 

Do 

Do 

Do 


IS-inch  twist,  6 
grooTea,  long- 
Camber. 

I>o 

Do 

Do 


70 
70 


70 
70 

70 
70 

70 
70 

70 
70 

80 

80 
80 
80  i 

80 


80 
80 
80 


80 


80 
80 
80 


Hazard,  F.G-., 

•  «  •  •  U.V   •■•••••■■ 

raright  and  rear'. 


BuUet. 


WW 


73 


Kind. 


Ore. 
500  .4555 

500  .4655 


Springfield,  8  grooyed. 

^    tin,    folded-head 

sheU. 
do 


Sorrioe ..... 


Hazard,  F.G. . 
....do 


.do 
.do 


405 
405 
405 


500 


.do 


.do 
.do 

.do 


.do  ., 
.do  «. 
.do  .. 


Light 


...do 


.do 
.do 
.do 


do 


.do 
do 
.do 


.458 

[  .458 

.458 


.4555 


Service,  ^  tin. 
r do 


500  1.4555 

500   .4555 
500  .4555 

500  i.4655 

500  !.4555 

500  '.4555 


Springfield,  2  grooved. 

t^     tin,    aoUd-head 

shell. 
do 


Springfield,  2  grooved, 
tV  tin,  folded-head 
shell. 

do 


pringfleld,  3  grooved, 
^  tin,  soud-head 
shell. 


500  .4555 
wind,  flrom 

600  |.4555 

500  '.4555 
500   .4565 

500  :.4555 

t 


Springfield,  3  grooved. 

A    tin,     folaed-head 

shell. 
do 

the  Tight  and  rear. 


Springfield,  3  grooved, 

■  ••■«•  09  •••■••«•••••••••< 

do 


500  .4555  ' do 


500 
500 
500 


600 


I 


.4555 
.4555 
.4555 


4555 


. . . . .  do . 
. . . . .  do . 

.....do. 


.do. 


I 


600 
500 
500  .4555  I. do. 


.4555  ' do. 

.4.5.55    do. 


t 


I 


Deviations. 


lA.  H.  ^L.  V.  m..  .A. 

I 


2 

Mean 

1 
2 
3 

Mean 
1 

2 

Mean 


8.1 


14.5 


12.5 


12.7 


11.3 


12.6 


14.9 


19.3 


17.1 


10. 9  I  18. 5  I  21. 5 
18. 3  13. 0  I  22.  5 
10.8     11.0  I  15.4 


13.3  i  14.1  I  19.8 


10. 6       8. 7 


9. 9  i  1&  4 


13.7 


20.9 


10. 2  I  13. 6  I  17. 3 


2 
Mean 

1 

2 

Mean 


19. 8     25. 5     32. 3 


8.9     12.1  ,  15 


14.3  I  18.8  '  23.6 


2 
Mean 

1 

2 
8 

4 

Mean 


6.4       9.6     11.5 


6. 9     13. 9 


6. 6     11. 7 


9. 6     19. 1 


9.8  ,  10.4 


9.7  I  14.7 


15.5 
13.5 


21.4 


14.3 


17.8 


2 
3 

4 

Mean 


2 
3 
4 

Mean 


5.2 

7.1 

8.8 

11.7 

11 

18 

11 

8.2 
15.4 

16.1 
13.7 
23.7 

11.5 

10.4 

15.6 

13.5 

11.1 

17.5 

11.3 
9.9 
5.5 

10.8 
15.5 
14.7 

15.6 
18.4 
15.7 

10 
22.6 


12.4 
18.6 
12 


13 


13.8 

7.7 
12.3 
11.6 

1L3 

16.8 


26.5 


14.6 
22.3 
16.7 

20 
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Kifle. 


■a 


Light  bre  e7.e 
Jalv  16, 1880. 
Service 


3>o. 
Do. 
Do. 
Do. 


July  17, 1880. 

Service  

Do 

Do 

Do 


Do. 

Do. 
Do. 


Julv28,1880. 
Serviceulong- 
chamDer. 
Do 


18-inch  twist,  3 
grooves,  long- 
chamber. 

18-inoh  twist,  6 
grooves,  long- 
chamber. 
Do 

Julj30,1880. 
Service 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Service,    long- 
chamber. 
Do 


70 

70 
70 
70 
70 


70 
70 
70 
70 


70 

70 
70 


80 
80 


80 
80 
80 


70 

70 
70 
70 
70 
70 
70 
70 
70 
70 


80 
80 


500  yards  range. 


Powder. 


Kind. 


from  right  and  rear 


Hazard,  F.  G . . 


.do 
.do 
.do 
.do 


.do 
.do 
.do 
.do 


..do 

...do 
...do 


.do 
.do 


.do 


.do 


.do 


,..do 

...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 


.do 
.do 


505 

505 
505 
505 
505 


505 
505 
505 
505 


405 

405 
405 


500 
500 


500 


505 

505 
505 
505 
505 
505 
505 
505 
505 
505 


BoUet. 


.4555 

.4555 
.4555 
.4565 
.4555 


.4555 
.4555 
.45% 
.4555 


.458 

.458 
.458 


Kind. 


Springfield,  2  grooved, 

2*1  o.  1,  ^  tin. 
do 

do 

do 


...do. 
....do. 
....do. 
...do. 


Service,  1  groove  out, 
A  tin. 

do 


.  4555  Springfield,  3  grooved, 
do 


.4555 


.4555 


500  .4555    do 


do. 


500  .4555 


500 


.4555 

.4555 
.4.'>55 
.4555 
.4555 
.4555 
.4555 
.4555 
.  4555 
.4555 


.do. 


.4555 


500  .4555 


Springfield,  2  grooved,. 

No.  1,  ^  tin. 
•  •••••  no  •••..■.........., 

do 

do 

do 

do 

do 

do 

■  •*•••  QO .  ••....•..••..... 

do 


Springfield,  3  grooved, 

A  tin. 
do 


3 

5 


o 


2 
3 
4 
5 

Mean 


1 
2 
3 
4 

Mean 


2 
8 

Kean 


1 
2. 

Mean 


2 
Mean 


Deviation. 


JiL.  H.  M.  V .  JdC.  iA. 


2 
3 
4 
5 
Q 
7 
8 
9 
10 

Mean 


1 
2 

Mean 


4.2 

7 

5.6 
5.6 
6.4 


5.8 


4.8 
3.1 
4 
8.8 


4.7 

7.2 
9.3 


7.3 


2.4 
4.8 


8.6 


9.2 
3.7 
5 


4.3 


2.8 

4.3 

4.8 

3.8 

5.6 

4.2 

3.5 

4.2 

7 

6.4 


4.6 


5.4 
2.9 


4.1 


4.8 

6.2 
5.4 
3.4 
6.6 


5.3 


5.5 
6.1 
5.8 
6.8 


6 


5.3 

3.4 
&1 


5.6 


5 
4.4 


4.7 


4.8 
6.4 


5^6 


5.3 

6 

3.8 

4.5 

4.6 

4.2 

5.2 

5.2 

6.2 

4.8 


5.0 


2.5 

4.8 


3.6 


6.4 

9.4 

7.8 
6.6 
9.2 


7.9 


7.3 

&9 

7.1 

10.8 


8 


7.1 

8 
12.3 


9.1 


5.5 
6.5 


10 

6.1 

&1 
7.1 


5.8 

7.4 

6.1 

5.9 

7.2 

6 

6.3 

6.7 

9.3 

8 


6.9 


5.9 
5.6 


5.7 
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500  yards  ra^i^a— Continued. 


lUfle. 


Do.... 


Powder. 


€frt 
80     Hazard,  F.G. 


80   ....do 


18-iBchtwirt,6 
Bo 


j^^nly3],i880. 

Do.::: 

Bo... 

Bo...: 


^H' «,  1880. 

eluunber. 

Bo 

Bo "• 


IS-tocli  twiat^  3 
g«K>V«,  lonjr. 
cbunber.      ** 


Bo. 


gwwTJ^i  lone- 

Bo 

Bo "•• 


LOBR-TlBue, 

loDK-chamber 
Bo....      • 


Bo. 
Bo. 
Bo. 


Aty.7.1880. 


LoB|.ninge, 
wne-ebamber. 


LoBft-ranso, 
tonc-chunber. 


80 
80 

70 

70 
70 
70 
70 

80 

80 
80 

80 
80 

80 


80 
80 


80 

80 

80 
80 
80 


70 

80 
80 


80 
80 


..do 


.do 


.do 

.do 
.do 
.do 
.do 


.do  ... 


.do 
.do 


. .  .do 
...do 

...do 


.do 
.do 


.do . . 

.do  ... 


.do 
.do 
.do 


I  .do  . 

.do  . 
.  do. 


,.do 
..do 


Ballet 


4i 

ft 

•s 

Ort. 
500 


500 


500 


500 


605 

605 
505 
505 
605 


600 

500 
500 


500 


500 


600 


600 
600 


600 

500 

500 
600 
500 


505 

500 
500 

500 
500 


I 


4555 

4556 

.4555 
.4555 

.4565 

.4556 
.4555 
.4565 

.4555 

4666 

4666 
4566 

.4566 
.4855 

.4565 


.4556 

.4556 


.446 

.446 

.446 
.446 
.446 


.4555 

.446 
.446 


Kind. 


Springfield,  3  grooved, 
V   A  tm. 

do 

do 

do 

Springfield,  2  grooved. 
No.  1,  ^  tin. 

•  •«•••  QO  •  ••••••  •*•*••••• 

9  m  m  m  •  •  U9  ■■«*•••    •*•*••••• 

«•••••  Ctv*  •••■••«••••*••* 

do. 

Springfield,  8  grooved, 
^  tm. 

do 

do 

do. 

do 

do 


Patched,  long  shell,  ^« 
tin. 

Patched,  ahort  shell, 
A  tin. 

do 


Springfield,  2  grooved, 
^o.  1,  A  tin. 

Patched,  long  shell,  ^ 

tin. 
do. 


P 

I 


o 


Deviations. 


M.H.  M.V.  M.A 


1 

8.8 

6.2 

7.2 

2 

5.3 

4 

6.6 

Mean  . 

4.5 

5.6 

6.9 

1 

5 

4.5 

6.7 

2 

8.7 

5.4 

6.5 

Mean. 

4.3 

4.9 

6.6 

1 

5.2 

9.4 

10.8 

2 
3 
4 
5 

7.5 
10 
8w8 
5.2 

8 

3.8 
6.7 
5.4 

11 

10.7 

11.1 

7.5 

Mean. 

7.8 

6.7 

10.2 

1 

5. 

5.2 

7.2 

2 
3 

4.1 

4 

4.9 
4.4 

6.4 
59 

Mean. 

4.4 

4.8 

6.5 

1 

7.2 

3.5 

8 

2 

4.8 

8.2 

9.5 

Mean. 

6.0 

58 

6.7 

1 

7.2 

4.9 

S.7 

2 
3 

4.8 
5.7 

4.8 
4.5 

6.4 

7.3 

Mean. 

5.0 
3.0 

4.6 

7.5 

1 

4.8 

6.2 

1 

5.4 

9.4 

10.8 

2 
3 
4 

6.6 

a2 

5.5 

4.9 
7.7 
7.2 

8.2 
&4 
9.1 

Mean. 

5.2 

7.3 

0.1 

.  458  ;  Frankford,  iV  tin 
.458  , do 


1 

1 
2 

Mean 

1 
2 

Mean 


1    4.8 

4.1 

6.4 

&2 
5.3 

&3 
6.7 

11.7 
8.fi 

6.7 

7.5 

10.1 

5.8 
5.6 

5.7 

7.8 
6.8 

9.7 
8.8 

7.3 

9.2 
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Riflle. 


Aui;.  9, 1880. 
Semoe 

Do 

Do 

Do 

Do 


Aa^.  11, 1880. 

Service 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Ao^.  16, 1880. 

Semce 

Do 

Do 

Do 

Do 


Serrice 

Do. 
Do. 
Do. 
Do. 
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Powder. 


Aa^.  18, 1880. 

Service 

Do 

Do 

Do 

Do 

Anz.  20. 1880. 
Service 

Do 

Do 

Do 

Do 


Auff.  24. 1880. 
Serviccu  long- 

chmnDer 

Do 

Do 


Kind. 


Grt, 
70     Hazard,  7.  G. 

I  70  ....do 

.  70  .-..do 

'  70  do 

;  70  ....do 

I 

I 

i  70   do 

70    ....do 

70    ....do 

70   do 

70   ....do 

70   do 

70  ' do 

70  j....do 

70  I do 

70   do 

70  ....do 

70  ....do 

70  do 

70  ....do 

70  ....do 

70  '....do 

70    ....do 

I  70  ' do 

70  ....do 
70    — do 

70  ....do 
70  ....do 
70  ....do 
70  ....do 
70  ;....do 

70  '....do 

70    do 

70  ! do 

70    do 

70    ....do 


9 


On. 
605 

605 
505 
505 
505 


« 

•mm 


.4555 

.4655 
.4555 
.4556 
.4565 


505 
506  . 
605 
506 
505 
506  I. 

605  '. 

606  I. 
605  '. 
506  . 


4555 
4665 
4565 
4565 
4556 
4655 
4666 
4656 
4656 
4556 


506  .4655 
605  j.4666 
605  U555 
605  .4655 
503  ;.  4556 


605 
506 


.4556 
.4665 


505  .4555 
505  .4555 
505  .4555 


506 
506 


.4555 
.4555 
505  '.4555 
505  .4555 
505  .4555 


490  .4555 


490  .4555 
490   .4555 


490 
490 


80     Haxard,F.a..|    500  .4555 


.4555 
.4555 


80  i....do ,    600  '.4555 

80  I. ...do '    500   .4565 


I 


BuUet. 


Kind. 


Springfield,  2  grooved, 
^0. 1.  A  tin. 

>«••••  CIO  •••■«■••••«••••• 
•  •««••  uo  ••»«••••■•*■•••• 

do 


do 

do 

do 

do 

do 

do 

do 

do 

■  «•••■  uO  •«•  »•••«••• 

do 
do 
do 
do 
do 


Springfield,  2  grooved, 
^o.  2,  A  tin- 

•  •••■•  UV  •»■•••    •«■••  ••     •   •  M  ' 

■  ■««*« IXvi   •  •«•«••■««•••■■■ 

do. 


..do. 
...do. 
..do. 
,..do. 
..do. 


Springfield,  2  grooved. 
No.  2,  wiUi  4  email 
grooves    oat«ide    of 
shell. 

■  ■ • ■ «  UO  •    •••■•••■«••■•••! 
•   •   •   ■   ■   U  V  •«««••«•••«     *««■•! 

do 

do 


Sprin^eld,  3  grooved, 
A  tin. 

do 

do 


2 
3 

4 
6 

Mean 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Mean 

1 
2 
3 

4 
6 

Mean 


3 

3 

4 
6 

Mean 

1 
2 
3 
4 

5 


2 
3 
4 

5 


2 
3 


Deviations. 


M.  A. 


3.6 

8.7 
5.6 
4.4 

5.7 


4.6 


5l5 
6.1 
4.7 
7.1 
7.3 
4.2 
6.2 
7 

&9 
32.8 


"-  Y.  Bout  V I 


2.8 

8.7 

6.8 
4.5 
4.9 


4.6 

6.2 
8.9 
6.3 
7.« 


4.5 


6 

4.8 

7 

&5 

5.9 

5.9 

5.1 

10.6 
8.8 

15.8 


6.5 


8.7 


7.7 


6.2 
4 

4.3 
&4 
6.9 

5.6 


5.1 
&] 
3.5 
7.7 
4.9 


8.2 

7.5 

8.4 

11.1 

9.4 

7.3 

7.8 

12.6 

11.2 

36.3 


1L9 


8 
9 

5.5 
.10 

8.5 


5.9       8.2 


4.7 

4.5 
7.4 
6.1 
3.9 


5.5 

4.3 

6 

4.5 

3.2 

5.9 


Mean.     4.8 


4.9 

6 

8.2 
5 
2.3 

5.1 


7.2 
10.6 
4.8 
6.8 
4.1 

6.7 


5.4       4.8 


8.1 
5.6 
2.2 
7.4 


6.3 
6.5 
7.8 
9 


T 


Moan  .  ■    5. 7  ;    6. 9 


5.3 

3.1 
4.4 


4.6 

5.9 
6.2 


6.8 

6.7 

11.1 

7.9 

4.5 

7.4 

8.4 
12.2 
6.6 
7.5 
7.2 

8.4 
7.2 


10.3 
8.6 
8.1 

11.7 


9.2 


6.7 
7.6 


Mean  .     4. 3       6. 6 


7.1 
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500  yard$  ran^e— Continued. 


Powder. 


Bullet. 


Rifle. 


^  ! 


Kind. 


Aug.  24,  1880. 
IS-inoli  twist,  3 
grooTe8,long- 
chamber. 

Do 

Do 


Grt.\ 
80    Hftzaid,  F.  G. 


80 
80 


Iginch twist  6  80 
grooTes,  long- 
chamber. 

Do 80 

Do 80 

Do 80 

Do 80 


Sept.  4, 1880. 

Serrios.  long-  75 
chamoer. 

Do i  75 

Do I  75 

Do 75 


18-mch  twist,  3    80 
SnNyTes,long 
chamber. 

Do 

Do 

Do 


do 

do 


.do 


.do 
.do 
.do 
.do 


Dupont 


.do 
.do 
.do 


Oriental 


80 
80 
80 


18-inch  twist,  6  |  80 
inooT08,long- ' 
chamber.        ' 

Do I  80 

Do /  80 


S«pt6,1880. 
wrrics,  long- ,  80 
cfasmber.        | 
Do 80 


— do 
...do 
...do 


Hazard,  F.G.. 


— do 
...do 


Hazard,  F.G. 
. .  .do 


Do. 


00 


18-inch  twist,  3  .  80    . 
*r'*"'««'long 
chamber. 
Do 


Do. 


80 


90 


IWach  twist,  «!  90 
IPooTes,long 
chamber. 
Do 90 


..do 
..do 

..do 

..do 
..do 

..do 


SCO 
500 


500 


.4556 


.4565 
.4566 


.4565 


500  .4555 
500  .4555 


500 
500 


500 

500 
500 
500 


500 


500 
500 
500 


500 


500 
500 


.4555 
.4555 


.458 

.456 
.458 
.458 


Springfield,  8  grooved, 
i^tin. 


5 

I 

.3 


e 


Deviations. 


I 


h£H.;M.Y.  M.A 


.do. 
.do. 


do. 


do. 
do. 
.do. 
.do. 


Frankford,  ^  tin. 


.do. 
do. 
.do, 


2 
3 

Mean 


6.8 


3.5 
&2 


3.3 


3.7 
5.4 


5.7 


5.1 


e.2 


5.1 

9.8 


.458     Frankford,  i>,  tin. 


.458  ' do 

.468  I do. 


.468  :. 


do. 


446 


.446 
.446 


Patched,  long  shell,  fV 
tin. 


.do 
.do 


I 

500  .4656     Springfield,  3  grooved, 
A  tin. 
do 


500 


.4556 


560     .458 
500  '.  4555 


500   .4556 


Springfield,  3  grooved, 

A  tfn. 
Springfield,  3  grooved, 

Atfii. 

do 


550     .458     Springfield,  3  grooved, 
A  tin. 
...do 


550 


.458 


650     .468 


do... 


2 
3 
4 

5 

Mean 


2 

3 

.  4 

Mean 


4.3      3.5 


3 

4 

5.4 

6 


4.6 


9.1 

6.6 
7.9 
5.6 


2.7 

3.5 

&5 

10.2 


5.3 


7 
5.5 


4 

5.3 

8.5 

11.8 


5.6 

8.5 
6.8 
7.6 


2 
3 
4 

Mean 


2 
3 

Mean 

1 
2 

Mean 

1 
1 

2 

Mean. 

1 
1 

2 

Mean. 


7.0 


8 


11.4 

15.5 

9.2 

11      I 


4.9 


9.6 


10.7 

6.6 

10.4 

9.4 


9.3 


12.5 


4. 6     12. 3 
9. 0     17. 9 


5l8 


7.2 


10.9 


13.4 


7.7  .  10.4     12.9 


7.2 
7 


7.3 


9.5 
10.8 


11.9 
12.9 


10.2     12.6 


—      

7.5 

4.5 

8.7 

4.7 

6.8 

7.5 

6.1 

5.1 

8.1 

9.7 

4.1 

10.5 

4.4 

4 

6.9 

6.6 

6.2 

9.1 

5.5 

5.7 

5.1 

7.5 

4.6 

7.3 

6.8 

7.8 

10.3 

5.3 

0.0 

1  -- 

5.2 

7.4 

4.9 

1       " 

8.9 
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500  yard8  range — Continaed. 


Rifle. 


Powder. 


•a 


Sept.  22, 1880. 
Service 

Do 

Do 

,     Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sept.  23,1880. 

Service 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.....  ... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Cfrs. 
70 


70 
70 


70 


70 
70 


70 


70 
70 


70 


70 


70 


70 
70 
70 
70 
70 


Kiod. 


Hazard,  F.G. 


..do 
..do 


■do 


■do 
.do 


.do 


.do 
.do 


.do 


70 

....do 

70 

— do 

70 

— do 

70 

....  do 

70 

— do 

70 

. . .  .do 

70 

....  do 

70 

do 

..do 


70 

do 

70 

—  do 

70 

do 

70 

....  do 

70 

....do 

Ballet. 


9 

bC 

Z 

«$ 
^ 

? 

o 

On. 

505 

.4555 

505 

.4555 

500  .4555 


500 
500 


.4566 
.4555 


500   .4555 


500   .4555 
600   .4555 


405 


405 
405 


405 
405 
405 
405 
405 
405 


.468 


.458 
.458 


.458 
.458 
.458 
.458 
.458 
.458 


505  .4665 


505 
505 
/M)5 


.4555 
.4555 
.4555 


505  .4555 
505  .4655 


Hazard,  F.  6. .i  500  .4555 


...do 
...do 
...do 
...do 
...do 


70   do 


70   do 

70  l....do 


600  .4555 
500  1.4555 
600  '.4555 
500  U555 
500  L4555 


Kind. 


Springfield,  2  grooved. 

MO.    2,     folded-head 

shell,  ^  tin. 

do 

do 


Springfield.  8  srooved, 
noUd-heaa  shell,  ^ 
tin. 

.do :.. 

^.do 


Springfield,  3  grooved, 
folded-head  shell,  ^ 
tin. 

do 

do 


Service.  8  grooved, 
folded- head  sheU,  ^ 
tin. 

do 


Strong  wind  from  left 
and  rear. 

Service,  ^  tin 

, do . 

do — 

do  — 

do. ... 

, do.. .. 


Springfield,  2  grooved, 
iSo.  2,  folded-head 
shdl,  ^tin. 

do 

, do 

do 

do 

do 


5 


DeviaUons. 


jS..  H. 


2 
3 

Mean 


8 


3.2 

5.8 


2 
3 

Mean 


2 
3 

Mean 


2 
3 

Mean 

1 
2 
3 

4 
5 
6 

Mean 


Springfield,  3  erooved, 
Bolid-hoad  shell,  ^ 
tin. 

do 

do 

do 

do 


2 
3 
4 

5 
6 

Mean 


2 
3 
4 
5 
6 


5.7 


5.6 


5.1 
5.1 


M.V. 


M.A. 


11.3 


7 
13.5 


10.6 


4.1 


4.3 
5.3 


5.3  I    4.6 


8. 1       6. 4 


6.0 
4.7 


&2 
4.5 


6.6  ,    6.4 


7.6  I    &5 


6.6 


7.6 
5.2 


7.7  .    7.1 


5.3 

7 

4.9 

4.9 

7 

4.6 


6.6 


8 


5.6 
4.3 
ILl 
3.8 
5.4 


6.4 


4.2 


4.8 
5.2 
7.0 
3  8 
5.8 


10 
4.4 
9.8 

10.8 
7.7 
0.4 


B.7 


10.8 


7.9 
0.1 
13.1 
&5 
9.4 


500  .  4555  Springfield,  8  grooved, 
folded-head  shell,  ^ 
tin. 

500   .4565   do 

500  i.4555    do 


Mean . !    5. 1 


9.8 


6.3 


5.2 

5. 

6.6 

5.1 

6.2 


13.8 


7.7 
14.7 


12.1 


6.9 


6.7 
7.4 


10.3 


10.7 
6.5 


9.2 


11.5 


11.7 
&3 


10.5 


11.3 
8.3 
11 

11.9 
10.4 
10.5 


10.6 


13.4 


9.7 
10.1 
14 

9.3 
10.8 


11.2 


7.6 


7.1 
7.2 
0.6 
6.4 
8.5 


5.7 


2 
3 


4.9 


4.4 
4.5 


a7 


5.9 

m 


7.6 


7.5 


7.4 
6.7 
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500  yards  ran^e^Continned. 


Rifle. 


Powder. 


Bullet. 


to 


Sept.  23, 1880.     Qrt. 
Serrioe 


Bo. 
Do. 


Sept.  24, 1880. 

Serriee 

Do 


Do. 


Do. 


18>iiichtwi8t,8 
grooves,  long 
chunber. 
Do 


Oct.  6,  1880. 
Senrice 


Do. 
Do. 
Do. 
Do. 


Serriee 


Do. 
Do. 
Do. 
Do. 


Ang.  25,26, 1880. 
Beirioe  long* 
chamber. 

Do 

Do 

Do 


18-ineli  twist,  3     80 
jKTooree,  long- 
chamber. 

Do 80 

Do I  80 

Do 80 


70 


70 

70 


70 
70 


70 


70 


80 


80 


70 


70 
70 
70 
70 


70 


70 
70 
70 
70 


80 

80 
80 
80 


Kind. 


MI 


-a 


18-hich  twist,  6 
groores,  long- 
chamber. 
Do 


80 


80 


Hazard,  F.G. 


..do 
...do 


Senrioe 

F.G.  Hazard.. 


Qrt. 

500 


500 
500 


405 


.4555 


.4555 
.4555 


.458 


Kind. 


9 


I 


Springfield,  8  grooved, 
folded-head  shell,  ^ 
tin. 

do    


505  .4555 


....do 


....do 


...do 


...do 


500 
500 


.4555 
.4655 


500   .4555 
500   .4555 


. .. .do  .. ... 


Service  i^  tin 

Springfl^d,  2  grooved, 

folded-head  shell,  ^ 

tin. 
Springfield,  3  grooved, 

folded-head  shell,  ^ 

tin. 
Springfield,  8  grooved, 
,  solid-head    sheU,    ^ 

tin. 
Springfield,  8  grooved, 

do 


5 
6 

Mean 

1 
1 


. . .  .do 
....do 
. . .  .do 
....do 


.do 


505  .  4555  Springfield,  2  grooved, 
jXo.  2,  solid-head  shell, 
1^  tin;  lubricated 
with  Japan  wax. 

505  . 4555    do....... 

505  .4555    do. 

505  .4555   do 

605  1.4555    do. 


.do 
.do 
■do 
.do 


.do 

.do 
.do 
.do 


.do 


■do 
.do 
.do 


■do 


.do 


505 


505 
505 
605 
505 


.4555 


.4555 
.4555 
.4555 
.4555 


!•«••••< 


Springfield.  2  grooved. 
No.  2,  foldea-heaa 
shell  ^  tin;  lubri- 
cated with  Japan  wax. 

do 

do 


..do.. 
..do.. 


2 
Mean. 


2 
3 
4 
5 

Mean 


500  1.4555 


500 
500 
500 


500 


.4555 
.4555 
.4555 


.4555 


500  .4555 
500  [.  4555 
500  14565 


500  .4555 


500   .4555 


Springfield,  3  grooved, 
i^tfu. 

do 

do 


do. 


......  do ... 

do... 

do... 


2 
3 

4 
5 

Mean 

1 

2 
3 

4 

Mean 


do. 


2 
3 
4 


Deviations. 


M.H.  M.V. 


5.6 


3.4 
6.6 


4.9 


3.6 
7.7 


3.8 


5.7 


5.4 


6.6 


5.9 


6.7 
4.1 
&1 
6.3 


5.8 


&6 


6.4 
8.0 
7.1 
6.7 


7.5 


6 


2.9 
5.1 


5.1 


6.5 
5.9 


&6 


9.9 


5.4 


7.6 


4.6 


5.4 
7.7 
7.8 
9.6 


7.0 


10.5 


12.4 
5 

&6 
7.7 


&8 


8.8 

2.6 
2.7 
4.3 


3.3 


2.8 


4 

3.8 
2.0 


Mean .     3. 4 


3 


do. 


8.2 


1.7 

1.9 
2.9 
4 


2.6 


2.1 


8.4 
2.5 
2.5 


2.6 


1.8 


2.4 


M.A.. 


8.2 


4.6- 
&8 


7.1 


7.4 
9.7 


7.6 


7.6 


11.3 


8.5 


9.9 


7.5 


a6 

8.7 

9.9 

11.5 


9.2 


18.6 


14 

10.2 
11.1 
10.2 


11.8 


4.2 

3.2 

4 

5.9 


4.3 


3.5 


5.2 
4.5 
3.8 


4.25 


3.5 
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500  yards  rait^e— Continued. 


Rifle. 


Aug.  25,26, 1880. 

18-incli  twist,  6 
grooves,  long- 
chamber. 
Do 

Sept.  1, 1880. 
Service,  long- 
chamber. 

Do... 

Do 

Do 

Do 

Do 

18-inoh  twist,  3 
grooves,  long- 
chamber. 

Do 

Do 

Do 

Do 

Do 

18-inch  twist,  6 
grooves,  long- 
chamber. 

Do 

Do 

Do 

Do 

Sept  9, 1880. 
Service,  long- 
chamber. 

Do 

18-iDch  twist,  3 
grooves,  long- 
chamber. 
Do 


Powder. 


4i 


Kind. 


Gra 
80 


80 


80 

80 
80 
75 
80 

80 

80 


80 
80 
75 
80 

80 

80 


80 
80 
75 
80 

80 


80 

80 
80 


80 


F.  6.  Hazard. 
do 

Oriental 

Hazard,  F.  a. 

Dnpont 

ao 

Hazard,  F.  6. 

....do 

Oriental 

Hazard,  F.O. 

Dupont 

. . .  .do 

Hazard,  Y.Ot. 

do 

Oriental 

Hazard,  F.  Q-. 

Dunont 

ao 

Hazard,  F.  G. 

do , 

do 

Dupont 

Hazard,  F.  6. 

Dupont 

Heavy 


Bullet. 


I 

o 


Cfra. 

500 


500 


500 

600 
500 
500 
5O0 

500 

500 

500 
500 
500 
500 

500 

500 


500 
500 
500 


.4555 
.4555 

.458 

.458 
.458 
.458 
.4555 

.4565 

.458 

.458 
.458 
.458 
.4555 

.4555 

.458 


.458 

.458 
.458 


Kind. 


Springfield,  3  grooved, 


.do. 


Frankford,  ^  tin. 


do 

Frankford,  ^  tin 

do 

Springfield,  3  grooved, 

Spnngfield,  3  grooved, 

A  tin. 
Frankford,  tV  tin 


do 

Frankford,  ,>«  tin 

do , 

i  Springfield,  3  grooved, 

Springfield,  3  grooved, 

T^tin. 
Frankford,  iV  tin 


500  !.4556 


500 


500 

500 
500 


500 
wind 


4555 


.458 

.458 
458 


.458 
from 


do 

Frankford,  ^  tin 

do 

Springfield,  3  grooved, 

A  tin. 
Spnn^eld,  3  grooved, 

Atm. 

Calm.  . 

Frankford^  t'ft  tin 


.do. 
do. 


do 

left  and  fbont. 


3 

9 

s 

O 


8 

4 

Mean 


1 
1 
1 

1 

1 
1 


1 
1 
1 
1 


1 
1 
1 

1 


1 
1 


Devlationa. 


A.  H. 


M.V. 


3.8 


3.1 


3.8 


7.5 

3.4 

5.1 
2.8 
3.3 

L6 

4.5 

8.5 
4.5 
2.7 
3.9 

2.5 

8.4 


2.4 
8.7 
4.3 
5.3 

3.4 


4.3 

5 
4 


4.2 


8.3 


2.8 


2.6 


5.7 

6.2 
2.7 
LO 
3.8 

2.1 

8.5 


5 
3.9 

4 
2.4 

3.8 

7.5 


2.8 

4.6 
3.1 
2.8 

3.9 


5.8 

5.8 
3.4 


5.6 


flL«  A.. 


4.1 


4.15 


9.4 

6.2 

5.8 
3.4 
5 

2.7 

5.7 


6.1 

6 

4.8 

4.7 

4.5 
11.3 


3.7 
5.9 
6.3 
6 

6.2 


7.2 

7.7 
5.2 


300  yards  range. 


18-inch  twist,  6  '  80  j  Hazard,  F.G.. 
grooves,  long- 
chamber.                 ! 
Do ,80     Oriental 


600     .  458     Frankford,  ^,  tin 
500 


Sept.  22,  1880. 
Service 


Do. 
Do. 
Do. 


Hazard,  F.G. 


70 

70  do 

70  do 

70  do 


.458  I  Frankford,  j't  tin 

Heavy  wind  from  left 
and  front. 


500  .4555     Springfield,  2  grooved, 
Vo.  2,  solid-head  shell. 


I 

500   .4655  

500  L4555  do.f. 

500   .4555  do. 


A  tin. 
do. 


1 

2.3 

3.8 

4.4 

1 

4.1 

3.9 

5.7 

1 

2.4 

2.4 

3.4 

2 
3 
4 

2.6 
2.5 
2.6 

3.2 
2.3 
3.3 

4.1 
3.4 
4.2 

Mean. 

2.4 



2.5 

3.8 
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300  yards  range — Contliined. 


Bifle. 


Sept.  22,  1880. 
Service 

Bo 

Do 

■Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sept.  24. 1880. 

Serrioe 

Do *.. 

Do 

Do 

Do 


Powder. 


'3, 


On. 
70 


70 
70 
70 


70 


70 
70 
70 


70 


70 
70 
70 


70 
70 
70 
70 


70 
70 


70 
70 
70 


Kind. 


Bullet. 


Hazard,  F.  6. 


9 


U 

'A 


Qrt. 
500  .4556 


.do 500  .4555 

.do 500.4666 

.do '    500  .4655 


...do 


.do 
■do 
.do 


.do 


.do 
.do 
.do 


..do 
..do 
..do 
..do 


.do 
..do 


.do 


..do 


500  .4555 


500  .4566 
500  1.4656 
500  .4655 


500 


600 
500 
500 


406 
405 
405 
405 


405 
500 


500 


.4666 


.4656 
.4555 
.4555 


.458 
.468 
.468 
.468 


.468 
.4555 


.4555 


600  .4555 


Kind. 


Springfield,  2  grooved, 
J^o.  2,  folded;head 
shell,  i\i  tin. 

do 

do 


. .. .) 


Spriofffield.  3  grooved, 
soHd-heaa  sfiell,  ^ 
tin. 

)•«•■•  U^^  *•  ■■  ••  •  vsswsassa* 
>  *  •  ■  •  ■  xLV  ■•  •■••  •■  ■•■••■*■■ 

do 


Springfield,  3  grooved, 
folded-liead  inell,  ^e 
tin. 

do...... 

do 

do 


Service,  ^  tin. 
do 


t 


...do 500   .4555 


Strong  wind  ftx>m  left 
and  rear. 

Servioe,  A  tin 

Springflelo.  2  grooved. 

No.  2,  Bolid-hMd  shell, 

^  tin. 
Springfield,  2  groored, 

Xo.     2,     folded-head 

shell,  ^  tin. 
Sprinefield,  3  grooved, 

solia-head    shell,    Vk 

tin. 
Springfield,  8  grooved, 

folded-head   shell,   ^ 

tin. 


T4# 

•      !• 

1 

■Lfi 

)viatio] 

1 

^ 

M.H. 

M.V. 

6 

}Z5 

1 

4.2 

4.6 

2 

3.1 

3.7 

8 

3.4 

3.4 

4 

3.2 

2.6 

Mean. 

ao 

3.4 

1 

3.6 

V 

2 

1.8 

L4 

3 

2.6 

2.3 

4 

3.6 

2.4 

M. 


6.2 


4.  a 
4.8 
4.1 


6.0 


4.9 


2.3 
3.6 
4.2 


is«sa*<a««l 


Mean. I    2.7 
1 


2 
3 

4 


2.3 


3.7 


Mean. 

1 
2 
3 

4 

Meim. 

1 
1 


2.2 

4.4 

1.9 
4.6 
2.9 

2.4 
6.1 
3 

2.8 

3.6 

-- 

—    -  -- 

4.3 
4.8 
3.3 
6.7 

5.2 
2 

2.7 
4.3 

4.5 

8.5 

4.9 


3.1 
6.9 
4.2 


4.  a 

6.7 
5.2 
4.3 
7.1 


2.7 
2.7 


2.8 


3.4 


2.5 


4.1 
2.8 


2.6 
4.4 
2.2 


5.8 

4.9 
3.9 

3.8 

5.6 

3.3 


National  Armory,  SPEmaFiELD,  Mass., 

October  25,  iSSO. 

Sra:  Since  my  report  of  October  13, 1880,  cartridges  have  been  pre- 
pared for  the  service  rifle  with  the  solid-head  shell  of  Frankford  make, 
the  500  grains  3-grooved  bnllet  and  70  grains  Dupont  powder.  This 
powder  was  received  from  Frankford  arsenal  last  summer,  and  is  under- 
stood to  have  met  with  much  favor  at  that  post.  It  was  therefore  de- 
sirable to  ascertain  whether  or  not  it  would  prove  satisfactory  when 
uRed  in  the  solid-head  shell  with  the  heavy  bullet. 

For  this  purpose  a  service  rifle  was  taken  and  10  targets  of  ten  shots 
each  made  at  500  yards,  and  12  targets  at  1,000  yards.  The  results 
were  exceedingly  satisfactory. 

Five  new  service  rifles  were  then  taken  indiscriminately  from  the  rack 
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and  two  targets  made  T^ith  each  at  the  same  ranges  as  before.  The 
weather  was,  it  is  true,  very  favorable  for  these  trials,  but  the  accuracy 
was  so  good  as  almost  to  justify  the  adoption  of  this  combination  with- 
out further  trial. 

Additional  targets,  however,  were  made  at  300  and  800  yards  with 
marked  success. 

It  was  observed  that  the  elevation  of  the  sight  at  500  yards  range  was 
but  little  more  than  that  required  for  the  service  cartridge,  or  about  525 
yards. 

At  1,000  yards  it  varied  slightly  with  different  rifles  from  975  to  1,000 
yards,  showing  that  no*  change  need  be  ihade  in  the  sight  as  now  issued, 
the  marksmen  readily  determining  the  slight  correction  necessary  for 
any  range  should  any  of  these  cartridges  be  issued  for  trial. 

The  accompanying  abstract  shows  accuracy  at  the  various  ranges 
tried,  velocity,  recoil,  and  pressure  per  square  inch  of  bore. 

An  abstract  of  results  obtained  with  cartridges  prepared  at  this  post 
with  70  and  80  grain  charges,  and  sent  at  my  requeBt  to  Frankford 
arsenal  for  trial  in  comparison  with  the  service,  is  also  given. 

As  a  result  of  continuous  trials  for  about  one  year  with  eight  different 
rifles,  viz,  a  service,  18-inch  twist  with  3  service  grooves,  18-inch  twist 
with  6  grooves,  19|-inch  twist  with  6  grooves,  these  with  chambers  of 
service  length,  and  similar  rifles  with  chambers  for  a  2.4  inch  shell,  many 
varieties  of  cartridges  being  used,  it  may  be  safely  asserted  that  with  a 
reasonably  good  system  of  rifling  increase  in  accuracy  is  to  be  sought 
for  chiefly  by  improvement  in  the  cartridge  and  not  in  the  gun;  and 
that  of  this  more  depends  on  the  bullet  than  any  other  element  of  the 
cartridge,  assuming  as  before  a  reasonably  good  cartridge  as  the  basis 
on  which  improvement  is  to  be  made.  In  this  case  we  have  as  a  foun- 
dation the  service  rifle  and  service  (Frankford  arsenal)  cartridge,  which, 
taken  together,  have  through  a  test  of  many  years  proved  worthy  of 
the  highest  praise.  It  is  highly  significant,  therefore,  that  after  such 
extended  trials  as  have  been  made  during  the  last  year  we  find  our- 
selves unable  to  show  that  any  change  is  necessary  beyond  that  of  the 
bullet  and  the  solid-head  reloading  shell,  which  the  great  interest  now 
taken  in  target  practice  has  rendered  a  necessity  on  the  score  of  economy 
only. 

Very  respectfully,  your  obedient  serv^ant, 

JOHN  E.  GREER, 
Captain  of  Ordnance,  U.  8.  A. 

To  the  Co^iMiLNDiNa  Officer,  Xation<il  Armory. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE, 


143 


C  «9  I 


2»» 


s 

c 


^    s 

|i|S 


i  tf  t*  O  CO 


2 
V 


P4  a  I 


puno  J 


C9  M  CO  C9  CO  CO 

p«  m^  ^^  ^  <v«  «^ 

c  J  ?^  N  c^  c5  c5 

S2  S2  52  "  22  ^ 

CO  C9  09  C9  00  CO 


-fipDnod-)ooj 


2 


It 
t 

8 

I 


I 


V 


vHC9  OfH  t^C« 

Cl  M  C^l  ?!  ?1  ?1 

i-H  <-«  «H  i>^  iH  «-t 

•000000 


t* 

^ 

Cl 

s 

e4 

CO 

^ 

1^ 

CO 

•A 

a 

1 

r 

• 

C9 

1^ 

10 


o 
.o 


o 


s 


c 
la 


g 

S 

es 


■2i 

®  s 


>»    !. '     _ 

8 

CO 


•e»98a«|joo^. 


^    |-aao})«iA9pcre9p[ 


C4  C«  91  99  C<]  C4 

o  eo  o  00 

00  OD  00  00  00  00 


0 


a 

a 

•  a 


'9}39n%  JO  -OX '      S  8  8  S  8  S 


4 


i 


'«ao)^«iA9p  av9i^ 

*«;o8av^  jo  'o^ 

'enon«IA9p  tiw9p[ 


*B)99itr:)  JO  -on 


dt  ot  ot  ot  o)  Oft 

CO  CO  CO  CO  CO  CO 


i-S  «-(  (H  •-«  i-i  •4 


a 

o 


9 

,0 


X 

o 


0 


3 


■2 


CO 


"3 

a 


<3 


O  e  o  o  o 
•O  "TS  "W  "O  "W 


CO 


•Joqn«o 


15  m  ifj  15  »ft  la' 

IQ  O  lO  lA  k^  o 

o  b-5  u)  1/5  o  >n 


•^q8|9J^ 


I 

O 


.9 


U%i44 


S 


•»q»PAi 


ijoo  0000 
-  t*  t*  t»  t*  t- 1- 


^ 


9 


I 


J 


I. 

le 


9 


2 

re 


15 

es 

a 


•§ 


2 

s 
> 

V 
^ 

s 

2 


o 

«e 

2  : 


f  • 


'V  a 

s  > 


ao«^«D 


0-5 

5^1 


a 


"a 


1 


CO 

2" 


.a 


^^o 

I 


o 


I 


4i 
if 


I 

ja 
c» 

■ 

§ 


1   ^ 


144 


REPORT   OF   THE    CHIEF   OF    ORDNANCE. 


1,000  yards  range. 


Rifle. 


Oct  16, 1880. 
Service 

Bo 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 


Oct  19, 1860. 
''Service ... 


Do. 
Do. 


Service 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do.. 


Light, 


Powder. 


I 


Ort. 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 


70 

70 
70 
70 
70 
70 
70 
70 
70 
70 


Kind. 


finllet: 


Dnpont 

do . 

do  . 

. . .  .do  . 
....do . 

do  . 

— do  . 
. ...do  . 
....do  . 
....do  . 

do  . 

....do. 


Dnpont 

do  .. 

....do  .. 

do  .. 

....do . . 
,...do  .. 

do  .. 

...do.. 
....do  .. 
. . .  .do  . . 


Org. 

500 

500 
500 
500 
600 
500 
500 
500 
500 


i 


.4555 

.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 


500  .4555 


500 
500 


.4555 
.4555 


500  .4555 


500  . 
500  >. 
500 
500 
500 
500 
500  . 
500  j. 
500  . 


4555 
4555 
4555 
4555 
4555 
4555 
4555 
45.55 
4555 


bre  eze  from  the  rig  htand  front. 


Xind. 


Springfield, 
t^  tin,  solid 
do 

*■■■•■  UV  •  •  s  •  * 

•  •••■•  U  V  •   •  A  ■  ■ 

do 

do 

......do 

do 

do 

......do 

do 

do 


3  grooved, 
hMd  shell. 


tc 

»■ 

s 

o 
6 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Calm. 


Springfield,  3  grooved, 
^  tin,  solid-h^id  shell. 

do. . .. 

do.... 

do.... 

do.. .. 

do. ... 

do.... 

......do.... 

do.... 


Mean 


2 
3 
4 
5 
6 
7 
8 
9 
10 


Mean 


Deviations. 


M.  H.  M.  V.  M.  A 


10.3 

6.7 

9.3 
16.5 

6.4 
20.6 
16.1 
14.1 

7.3 
10.2 
10.9 
16.2 


11.9 


17.8 

11.4 

15.6 

9.8 

9.6 

22.6 

16.4 

14.2 

13.2 

23.2 

17.9 

1&9 

15.9 

20.6 
12.7 

lai 

19.2 

11.5 

80.6 

23 

20 

15.1 

25.3 

21 

24.9 


10.3 

14.5 

12.4 

13 

11.2 

17.2 

13.8 

16.1 

17.2 

15.8 

16.7 

19 

6.7 

21.2 

22.2 

lai 

22.7 

16.5 

16.2 

17.7 

14.8 

16.9 

20.2 


17.6 

18 

20.5 

21.2 

23.4 

24.6 

22.2 

28.6 

28.1 

24 


22.8 


dOO  yards  range. 


Oct  26, 1880. 
Service 

Do 

Grs. 
70 

70 
70 
70 
70 

70 

70 
70 
70 
70 
70 

Dnpont 

....do 

Gr». 
500 

500 

.4555 
.4555 

Springfield,  8  grooved, 
t>etln,solid-headshell. 

do 

do 

do 

1 

2 
3 
4 
5 

Mean.. 

1 

2 
3 
4 
5 
6 

9.2 

9.9 

7.4 

12.3 

7.8 

8.2 

5 

8.3 

8.5 

11.7 

12.3 
U.1 

Do 

....do 

500   .4555 
500  L4555 
500  :.4555 

11.1 

Do 

. _ .  do ..... 

16 

Do 

....do 

do 

Calm. 

Springfield,  8  grooved, 
^  tin,  soUdhead  shell. 

do 

do 

do 

14.1 

Dapont 

...do 

do 

do 

500 

500 
500 
500 
500 

.4555 

.4555 
.4555 
.4555 

9.3 

10.6 

15.4 
8.4 

10.4 
7 
9.8 

8.3 

12.7 

Service 

Do 

10 

8.3 
11.4 
13.8 
11.6 

7.4 

14.6 
17.5 

Do 

14.2 

Do 

17.3 

Do 

....  do 

.  4.5.'n 

......  do...... « 

13.5 

Do 

....do 

500    .455.*) 

do 

12.3 

T^iffht  hnaAXA  fr 

om  1e 

ft:  And 

• 

front;   dftrk  and  nioudv. 

14.9 

1     "^ 

500  yards  range. 


Oct.  14, 188  0. 
Service 

Do 

Grs 

70 

70 
70 
70 
70 

Dupout 

....do 

do 

.—.do 

....do 

Cfrs. 

500 

500 

.4555 
.  4555 

Springfield,  3  grooved, 
^^0  tiii.solid-head  shell. 

do 

do 

do 

do 

1 

o 

3 
4 

5 

4.3  , 

6.1  , 
5.2 
6.5 
5.1  i 

8.2 
4.5 

Do 

500 

.  4r>.1.') 

5  9 

Do 

.500  '.4555 
500    .4555 

7.2 

Do 

3.3 

9.4 

7.6 
7.9 
9.7 
6.1 
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500  yards  range — Continued. 


Powder. 


Kifle. 


•a 

o 


_  Oct  14, 1880.     Gtb. 
Service i  70 


Do. 
Do 
Do. 
Do. 


Kind. 


70 
70 
70 
70 


Oc»  •  19, 1880. 
Scirice.. 


Do. 

Do. 

Do 

Do., 
Do.. 
Do.. 
Do  . 
Do.. 
Do.. 


70 

70 

70 

70 

70 

70 

70 

70 

70  ' 

70 


Dtipont 

do  .. 

do  .f 

...do  .. 
....do .. 

Dapont 

— do  .. 

do  ,. 

do  .. 

do  .. 

do  .. 

do  .. 

....do  .. 

do  .. 

— do  . . 


Ballet. 


Org. 
500 

500 


u 
M 

g 

O 


.4555 
.4555 


Kind. 


4S 
5 


o 


Deviatioiis. 


500  1.4555 
500  .4555 
50«  .4555 


^^*  ^re©ie  fro  m  the  right. 


600 

500 
500 


.4555 

.4555 
.4555 


500  .4555 


500 
500 
500 
500 
500 
500 


.4555 
.4555 
.4555 
.4555 
.4555 
.4555 


Sprinj^eld,  3  grooved, 
t^  tin,  solid-head  shell. 

do 

do 

do 

do 


Calm. 

Springfield,  8  grooved^ 

^  tin,  solid-head  shell. 

do 

do 

*  •  •  ■  •  IXw  •  »  •■  •■*■•••■«««« 

do 

do 

do 

do 


6 

7 

8 

9 

10 


Mean. 


2 
8 

4 
5 
6 
7 
8 
0 
10 


Mean 


M.H.'M.V. 


2.8 

5.3 
5.7 
4.3 
4.9 


4.8 

8.3 

6 

3.2 

6.5 

8.7 

6.8 

6.1 

4.9 

6.7 


6.9 

6.4 
5.6 
6.4 
6.6 


M.A. 


7* 

7.6 
8 

7.7 
8.2 


■|- 


5.6 


6 

3.1 

6.2 
3.1 
8.1 
7.1 
7.1 
7.2 
4.4 
4.7 
4.8 


7.9 

6.7 

JO.  4 
6.8 
4.4 

9.6 

8 

9.9 

7 

6.6 

7.6 


I 


5.1 


7.0 


300  yards  range. 


OcL22,1880.    \Gr»} 
S«^<» 70     Dapont 


Do.... 
Do.... 
Do  ... 
Do... 

Do... 

Do... 

Do... 

Do... 

Do... 


70 
70 
70 
70 
70 
t  70 
'  70 
70 
70 


r 


...do 
...do 
, .  .do 
...do 
.  do 
..do 
..do 
,..do 
,..do 


Springfield,  3  grooved, 
^  tin,solid-h^Kl  shell. 

do 

do 

«  •  •  •  •  Ul^  •  •••*«•■•••••••• 

■  • « ■ *UO  •••■■■•■«*••««•• 

«  •  •    *   •  U  V  •■•««»•«<•«•    •«••• 

«   «   •    ■   •  UU  ft    «•••«•••••    •••■•! 

•  •  ■  •  •  vL\J  •■•••«■  ■**•  *•••«! 

do 

do 


1 

2.2 

8.3 

2 

3 

8.8 

3 

3 

2.9 

4 

2.6 

2.8 

6 

2.8 

2.4 

6 

2.8 

2.8 

7 

2.7 

8.4 

8 

3.6 

3.5 

9 

2.2 

3.9 

10 
Mean. 

2.4 

8.4 

2.7 

3.2 

4.8 

4.2 

8.8 

8.7 

4 

4.3 

4.9 

4.5 

4.2 


4.2 


Fresh  breeze  from  left  and  front;  dark  and  rainy. 

Feankford  Arsenal,  October  23, 1880. 
To  the  Co3fM ANDiNa  Officer,  Frarikford  Arsenal : 

SiB:  I  have  the  honor  to  report,  in  compliance  with  your  orders,  the 
execution  of  the  following  programme: 
Subject  of  experiment : 

"Long-range  cartridges  from  the  National  Armory." 
Object  of  experiment : 

"To  compare  their  accuracy  with  service  cartridge.'' 
The  arms : 

"Service  rifle  and  Springfield  long-chambered  rifle.'' 
Th^  ammunition : 

"TT.  100  solid-head  outside-primed  cartridges,  80  grains  powder,  503- 

grain  bullet." 
"J^.  100  folded-head,  70  grains  powder,  500-grain  bullet." 
"  r.  75  solid-head,  70  grains  powder,  500-grain  bullet." 
"^.  Service foldedhead,  70  grains  powder,  403-grain  bullet." 

The  rest : 
"Fixed." 

lOOBD 
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The  range: 

"500  yards." 
The  firing: 

**  Six  targets  of  10  shots  each  of  W,  B,  Y.  and  A,  alternately  in  the 
order  given,  taking  two  sighting  shots  for  each  target,  and  cleaning  gan 
after  each  target  is  made.  W  to  be  tired  from  the  Springfield  long-cham- 
bereil  rifle,  and  B,  Y.  and  A  from  the  service  rifle. 

"The  firing  to  be  commenced  upon  the  first  suitable  day,  eliminating 
80  far  as  possible  all  adverse  meteorological  conditions,  snch  as  ^lind,  &c. 

"The  results  to  be  reported  in  accordance  with  the  last  instructions 
from  the  Chief  of  Ordnance."  ' 

The  above  directions  were  carried  out  on  the  19th  instant,  under  very 
favorable  weather  conditions.  The  day  was  bright  and  clear ;  a  sliglit 
breeze  made  itself  felt,  varying,  during  the  progress  of  the  firing,  between 
3.30  and  4.30. 

The  cartridges  received  from  Springfield  were  marked  "  Hazard,  F.  G. 
powder  No.  3,"  "BuUet  ^  tin." 

The  bullets  were  apparently  swaged  in  a  solid  die  and  were  highly 
polished. 

All  the  cases  fired  were  Frankford  Arsenal  manufacture,  except  for 
the  5th  and  6th  W  targets,  which  were  made  by  Winchester  cases.  The 
'< radius  of  circle  of  shots"  and  the  "distance  from  point  aimed  at  to 
center  of  shots"  are  given  in  subjoined  table,  and  are  also  arithmetically 
and  graphically  represented  on  accompanying  sheet,  which  depicts  the 
actual  targets  on  a  ^  scale. 

In  sighting,  elevation  alone  was  taken  into  consideration,  and  the 
elide  was  raised  to  450  yards  for  the  W  and  A  targets,  and  to  500  yards 
for  the  B  and  Y  targets. 

Very  respectlully,  your  obedient  servant, 

O.  E.  MICHABLI8, 
Captain  of  Ordnance^  in  charge  of  Firing. 

Approved: 
S.  0.  Lyford, 

Major  of  Ordnance^  Commanding, 

Comparison  of  accuracy  of  cartridges  received  from  Xaiional  Armory,  and  daily  work. — 

Range  500  yards. 


BeriM. 

W. 

80  grains  powder,  500- 
grain  ballet,  folded- 
head. 

B. 

70  jcraina  powder,  600- 
grain  bullet,  folded- 
head. 

T. 

70  grains  powder,  500- 
grain   bullet,   solid- 
head. 

A. 

70  grains  jtowder.  405- 
grain  bnllot,  foided- 
head— Service. 

Ko. 

Rndins  of  cir- 
cle of  shots. 

Diptanoe  from 
point  aimed 
at  to  center 
of  shots. 

Radins  of  cir- 
cle of  shots. 

Distance  fhim 
point  aimed 
at  to  renter 
of  shots. 

I{a4lin8  of  cir- 
cle of  shots. 

Distance  from 
point  aimed 
at  to  center 
of  shots. 

KadiuR  of  cir- 
cle of  shots. 

Distance  from 
point  aimed 
at  to  center 
of  shots. 

A 

B 

S::::: 

E 

F 

Feet           Feet. 
.  800  '           2.  300 
.  065             2. 1'20 
.  666  1           3.  '.m 
.  640              2. 170 
*.760  ■            2.6(^0 
•.28U  1            2.360 

Feet 
.820 
.550 
.860 
.740 
.OCO 
.6{,0 

Feet 
2.550 

i.iyo 

2.100 
1.76» 
1.7o0 
1.600 

Feet 
.775 

.087 
.660 
.645 

.rgo 

.810 

Feet 
1.050 
1.280 
3.500 
2.400 
.750 
2.100 

Feet             Feet 
.  077                2. 700 
.  870                3.  .'iOO 
.  825                2.  COO 
.  77.1                2. 260 

.645    

. 706                1. 450 

He  in.. 

.  635  1           2.  617 

.743 

1.798 

1 

.676 

1.847 

.  815                2. 350 

Approved : 

6.  C.  Ltfokd, 

Major  of  OrdtM  tre,  Commandinn. 


*■  Br.i8s. 
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:n^ational  Armory, 
Springfieldj  Mass,,  October  30,  1880. 

Sir:  Tour  letter  of  the  28th  instant  relating  to  certain  labricants  for 
the  service-rifle  projectile  is  received.  I  inclose  herewith  the  results  of 
firings  made  at  this  armory  by  Captain  Greer,  to  determine  the  relative 
merits  of  Japan  wax  and  bees-wax  and  sperm  oil,  as  regards  accuracy 
of  fire.  The  results,  it  will  be  observed,  are  slightly  in  favor  of  the  bees- 
wax  and  sperm  oil^  the  difference,  however,  is  so  slight  that  the  two 
labricants  may  be  considered  practically  equal  in  this  respect.  In  view 
of  this  and  the  fact  that  Japan  wax  is  known  to  be  unaffected  by  ordi- 
nary changes  of  temperature  and  does  not  act  injuriously  on  the  powder, 
ballet,  or  cartridge  shell,  I  recommend  that  its  use  be  continued  until 
something  better  is  found  as  a  substitute. 

Very  respectfully,  your  obedient  servant, 

J.  G.  BENTON, 
Colonel  of  Ordnance,  Comma/nding. 
€hi£f  OF  Ordnance  U.  S.  A., 

Washington,  D.  C 

800  yards  range. 


Powder. 

Ballet. 

1 

• 

Rifla 

t 

Or.. 
80 

80 
80 
80 
80 

80 

80 
80 
80 
80 

Kind. 

• 

t 

1 
3 

Kind. 

M.H. 

M.V. 

\r.A. 

Service,  long- 
eliaiuber. 
Do 

Hazard,  F.G.. 
....do 

ffr#. 
500 

500 
500 
500 
500 

500 

500 
500 
500 
500 

.458 

.458 
.458 
.458 
.458 

.458 

.458 

.458 
.458 

Frankford,  Japan  wax 

labricant. 
do 

1 

2 
3 
4 
5 

Mean.. 

1 

2 
3 
4 
5 

Mean .. 

14.2 

12.7 

13.2 

&4 

12.7 

18.1 

1019 
14.6 
19.4 
21.. <t 

19.8 

n.i 

Do 

•  • • . do  .•••«•••• 

do..:..:.:::::::::. 

do 

do 

Frankford,  bees* wax  and 
sperm  oil  lubricant. 

do 

do 

19l7 

Do 

....do  ......... 

81.2 

Do 

....  do  .....«••• 

24.8 

....  do  . ••••..•• 

12.2 

17.1 

2LS 

Do 

4.6 

8.8 
8.1 
8.7 
8. 

15.6 

17.1 
16.1 
20.5 
17.4 

16L8 

Do 

....  do  ......... 

19.8 

Do 

....  do  ......... 

19.8 

Do 

do 

do 

22.8 

Do 

Ha .•..«• 

IflLl 

7.7 

19.1 

19.8 

500  yards  range. 


Powder. 

Bnllet. 

1  ■ 

1 

o 

■ 

o 
Jz5 

Deviatio 

na. 
M.A. 

Rifle. 

Kind. 

1 

Weight. 

Caliber. 

Kind. 

S&.Xl. 

M.V. 

Afirvioe  . .  - 

Gri.                            !  Org.  ' 
70  '  TTflKArd.  F.  0-.  J    »in«?  >  JSJ\r. 

Springfield,  2  prooved, 
solid-head  shell,  Japan 
wax. 

Rnrinorflnlil     9.    ormnvpH 

5 

5 

10 

10 

9.2 

Do 

70 

....do.........      605   .4555 

11.8 

Do 

70 

70 

1               toldt*a-bead  shell,  Ja- 
1                      '    pan  wax. 

do 505.4555     Sprinntiobl,  2  »:roovfd, 

1               solid-bend  sbell,  sperm 
oil  and  bees-wax. 

do 505  '.4555     Sprinjrfleld,  2  grooved, 

'           *    folded -bead      shell, 
1           1    sperm  oil  and  bees- wax. 

t                      1 

7.8 

r%o 

ILS 

1 
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1,000  yards  range. 


Powder. 

Bullet. 

O 

« 

1 

Deviations. 

Rifle. 

i 

Grs. 

70 

70 
70 
70 

Kind. 

•a 

■ 

.4555 
.4555 
.4555 
.4555 

S:iad. 

M.H. 

iM.y. 

M.A« 

Beonrloe 

Hazard,  F.G.. 
....do 

Gn. 

505 

505 
605 
505 

Sprinjrfield,  2  grooved, 
solid-head  sheU,  Japan 
wax. 

Spiingfleld,  2  j^rooved, 
folded-head  shell,  Ja- 
pan wax. 

Sprinfffleld,*2  CTOored, 
solid-nead  sheU,  sperm 
OH  and  bees- wax. 

Sprlnfffleld,  2  groored, 
foldea-head  shell, 
sperm  oil  and  bees-wax. 

4 

3 

12 

12 

1 

28. 

Do 



324 

Bo... 

•  •  • . do  ... ••.•■• 

29.2 

Do 

....do 

29.6 

•  ' 

1 

APPENDIX  18. 

REPORT  ON  A  TELEMETER-SIGHT  INVENTED  BY  CAPT.  LUIGfi  FOLTA, 
ITALIAN  ARTILLERY,  BY  CAPT.  JOHN  E.  GREER,  UNDER  THE  DIREC- 
TION OF  COL.  JAMES  G.  BENTON,  ORDNANCE  DEPARTMENT. 

(One  plate.) 

National  Armory, 
Springfield^  Mass.y  November  17, 1880. 

Sir:  In  accordance  with  your  instructions  to  examine  and  test  the 
telemeter-sight,  invented  by  Capt.*Luig6  Folta,  Italian  artillery,  and 
brought  to  the  notice  of  the  Chief  of  Ordnance  by  Lieutenant  Russel, 
Ordnance  Department,  I  have  the  honor  to  submit  the  following  report: 

The  meager  description  accompanying  this  sight  briefly  details  its 
operation  and  mechanical  construction,  but  gives  no  information  as  to 
the  principles  on  which  its  construction  is  ba^.  It  states  simply  that 
the  spiral  curve  on  the  cylindrical  stem  which  governs  the  motion  of 
the  stadium  slide  is  of  variable,  while  that  which  operates  the  rear  sight 
is  of  uniform  twist.  As  by  construction  the  determination  of  the  dis- 
tance of  an  object  by  the  stadium  is  intended  to  set  the  rear  sight  for 
that  distance,  it  is  evident  that  some  relation  must  exist  between  the 
height  of  the  rear  sight  and  the  range,  also  between  the  height  of  the 
opening  in  the  stadium  and  the  range,  and  that  by  their  combination 
the  desired  result  is  produced. 

In  the  absence,  therefore,  of  information  as  to  the  mental  process  of 
the  inventor,  on  which  its  construction  depended,  it  is  proposed  to  dis- 
cuss briefly 

THE  theory  of  THE  SIGHT. 


I.  To  And  the  relation  between  the  height  of  the  rear  sight  and  the 
range. 
Let  A  B  =  a  be  G 

the  axis  of  the  bore     ^\^  Fig.l. 

between   sights,  yi 
B  C  D  E  a  portion 
of  the  trajectory, 
and  y  the  height  of  ^ 
rear  sight  for  any 
range  x.     If  we 
draw  a  straight 
line  through   the 
point  aimed  at,  as 
E,  and  the  point 
B  on  the  axis  be- 
low the  front  sight 
(neglecting  the  height  of  the  sight,  since  it  serves  merely  to  increase 
that  of  the  rear  sight  by  a  sensibly  equal  amount),  we  shall  have  the  line 
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of  sight.    This  line,  if  prolonged,  will  intersect  the  rear-sight  leaf  at  the 
X>oint  at  which  the  slide  should  be  set  to  reach  the  object. 

From  this  we  have    y  :  a::  F  E :  B  F.     But  F  E  =  ^, 


and  B  F  =J^-(-S^^'    Substituting,  we  have 


y:a::4i   • 


-^^  18  so  great,  however,  in  comparison  with  unity,  that  the  latter  may 

be  omitted  from  the  denominator  of  the  second  member  of  the  preceding 
equation  without  material  error,  when 

y—       <^    _«i^** 


a 


2x^ 


(1.) 


g't' 


But  t  increases  more  rapidly  than  the  range  x  because  of  the  diminu- 
tion of  the  bullet's  velocity;  the  numerator  of  the  second  member  there- 
fore increases  more  rapidly  than  the  square,  while  the  denominator 
increases  as  the  first  power  of  x;  hence  y  increases  unore  rapidly  than  the 
range.  The  curve  to  be  cut  on  the  stem  for  operating  tibe  rear  sight 
should  notj  therefore^  he  of  uniform^  hut  decreasing  twist    (See  Fig.  7.) 

Again,  t  =    ^  ^  nearly,  v  being  the  initial  and  v^  the  remaining  velocity 

at  any  point  j  substituting  and  reducing,  we  have  y  =  y—^JL^     (2.) 
The  above,  of  course,  is  true  only  when  the  axis  of  the  bore  is  hori- 

^zontaJ,  ^  then  being  per- 
pendicular to  it.  As  the  axia 
makes  an  angle  greater  and 
greater  with  tlie  horizontal 
the  greater  the  error.  The 
angle,  however,  for  a' range  of 
1,C^0  yards  being  less  than  3^ 
theerroris  very  slight.  Should 
the  elevation  be  very  great, 

^  should  be  multiplied  by  the  sine  pf  90°  minus  the  angle  of  eleva- 
tion, as  appears  from  Fig.  2,  since  F  E  =  ^  sin.  (90O— ^.) 

The  curve  of  which  (1)  is  the  equation  may  be  constructed  when  t — 
which  may  be  determined  experimentally  by  the  Schultz  chronoscope  or 
by  means  of  a  telephone  and  stop-watch,  or  conveniently  by  Didion's 
formula,  page  417,  Benton's  Ordnance  and  Gunnery,  for  the  various 
ranges — ^is  known.  Equation  (2)  may  be  used  if  preferred,  v^  being  de- 
termined by  Noble's,  Bashforth's,  or  Didion's  formula. 

The  following  values  of  y  were  determined  from  equation  (2),  v^  having 
been  found  for  the  various  ranges : 
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TABLE  I. 


100  yds.  200  yds.  300  ydft.'400  yds.  500  yds.  600  yds. 


y 


0".085  '  0".188 


0".312 


0".4ol 


0".602  I  0".766 


700  yds.  800  yds 


0".M1 


1".125 


900  yds.  1,  000  yds. 


1".818 


1".519 


From  these  values  of  x  and  y  the  curve  may  be  constructed.  If  this 
curve  be  cut  on  the  stem  that  carries  both  stadium  and  rear  sight,  and 
the  ranges  corresponding  to  the  different  vahies  of  y  be  entered  on  the 
hollow  cylinder  inclosing  the  stem,  the  sight  may  be  adjusted  to  any 
range  by  simply  rotating  the  stem  about  its  axis,  raising  or  lowering  the 
sight  until  it  is  at  the  required  point. 

II.  To  find  the  relation  between  the  range  and  the  height  of  the  oi>en- 
ing  in  the  stadium. 

Pig.  3. 


Let  Xj  Fig.  3,  be  the  range  in  inches;  w  the  height  in  inches  of  the 
opening  in  the  stadium  for  the  range  x;  A  be  the  position  of  the  eye 
15''.75  from  the  stadium,  and  68"  be  assumed  as  the  average  height  of 
the  soldier. 

From  the  figure  we  have  68''  iwiixi  15".75;  .  • .  tc=  — —. 

'  X' 

K  we  assign  values  to  a?  of  100, 200, 300,  &c.,  yards,  the  corresponding 
values  of  w  may  be  determined  as  in 

TABLE  II. 


100  yds.  200  yds.  300  yds. ,400  yds.  500  yds.  600  yds.  700  yds.  800  yds. 


to 


0".2975  0".1487  |  0".0992  ■  0".0744  I  0".0595 


0''.04M  I  0".0425 


0".0372 


900  yds. 


1,  000  yds. 


0".0331  0".0297. 


As  these  values  of  to  were  deduced  under  the  assumption  that  the  sol- 
dier is  (^S  inches  in  height,  it  is  evident  that  they  cannot  be  absolutely 
correct  for  any  other  height.  It  is,  therefore,  necessary  to  ascertain 
what  variation  in  height  of  opening  ma^^  be  produced  by  varying  the 
height  of  the  soldier,  say  4  inches,  since  very  few  men  exceed  6  feet  or 
are  below  5  feet  4  inches  in  height. 

Substituting  72''  for  ^^6"  in  the  proportion  first  given,  and  proceeding 
as  before,  we  have 

TABLE  III. 


I  !  I  I  I  (  '  I  I 

100  yds.  200  yds.  300  yds.  400  yds.  500  yds.  600  yds.  700  j'ds.  800  yds.  900  yds. 


w 


0".815 


0".157     0'M05  '  0".079 


0".0«3 


0".063 


0".047 


0".039 


0".035 


1,000  yds. 


0".0813 


Comparing  this  with  the  preceding  table,  we  see  that  the  difference  in 
the  values  of  w  for  the  same  range  is  very  slight,  and  yet  the  accuracy 
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Kig.4. 


Pig.  0 


Uf 


Uf 


of  the  instrument  is  somewhat  affected,  as  explained  later  on,  particu- 
larly at  the  longer  ranges. 

III.  To  determine  the  curve  to  be  cut  on  the  stem  for  governing  the 

motion  of  the  stadium. 

Let  a  represent  the  height  of  the 
sight  frame;  6,  that  of  the  stadium 
slide;  tr,  that  of  the  opening  in  the 
stadium  as  before;  and  z,  the  variable 
distance  from  the  bottom  of  the  slide 
to  that  of  the  frame. 
From  Fig.  4  we  have  ^=a — 6 — w. 
As  the  slide  is  at  its  lowest  point 
when  set  for  a  range  of  100  yards,  z 
=0  at  that  range,  and  Fig.  5,  a — b= 
w=0'\  2975,  Table  II;  hence  we  have  z={y\  2975  — m?,  which  is  the 
equation  of  a  curve  with  an  increasing  twist,  the  axis  of  z  being  an 
asymptote  to  it.    (See  Fig.  6.) 


a 


"          1 

>^ 

/ 

r     1 

/ 

1 

1 

/ 

1  • 

/' 

• 
1 

L 

1 

}oydA  200yd9s  300yds.  400yd».  eooyda,  000yd9^  jooyd^  soay^ts. 

Kow  by  construction  the  bar  which  limits  the  opening  in  the  stadium 
from  above  is  a  part  of  the  rear  sight  and  therefore  rises  through  a 
height  corresponding  to  an  increase  of  range  when  the  sight  is  adjusted 
for  that  range.  The  stadium  slide  must  therefore  ascend  the  same  height 
plus  the  additional  height  necessary  to  reduce  the  opening  in  the  sta- 
dium to  that  corresponding  to  the  range.  That  is,  if  the  rear  sight  be 
raised  to  a  height  y  for  any  range  the  stadium  slide  will  be  raised  to  a 
height  y  +  Zy  and  we  shallhave  for  the  equation  of  the  desired  curve — 

y  +  z=  ^f  *- +  0^'.2975— tu.    (3.) 

Substituting  for  -i^— and  w  their  values  previously  deduced,  Tables  I 

and  II,  for  ranges  of  100,  200,  &c.,  yards,  we  have  the  following  table 
of  values  for  y  +  z^  the  ordinate  of  the  curve  at  its  various  points: 

TABLE  IV. 


500  yds.  I  600  yds.    700  yds.    800  j'ds.    900  yds.  1,000  yds. 


0".84    .   1".014   I   1".  196   1   1".385   ,   1".582   !   1".787 


The  curves  of  which  (1)  and  (3)  are  the  equations,  and  their  action 
with  reference  to  sight  and  stadium,  are  shown  in  Fig.  7;  the  horizontal 
scale  being  0".4  to  100  yards  and  the  vortical  four  times  natural  size. 
The  sight  and  stadium  are  assuiiied  at  pleasure.  The  vertical  scale  at 
tiie  left  also  shows  graphically  how  the  height  of  the  rear  sight  increases 
as  the  range  increases. 
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The  abrupt  change  in  the  developed  curve  that  operates  the  slide  Is 
due  to  the  arbitrary  aetting  of  the  slide  atjta  lovest  poiat  for  a  rait£e 
of  100  yards. 


Id  order  to  test  the  telemeter-sight  a  peep-sight  was  prepared  like  that 
shown  iu  the  drawing.  A  inan  fi8  inches  in  height  was  then  placed  in 
fix>nt  of  the  100  yards  target  and  the  sight  carefully  adjusted  by  a  skilled 
marksman,  Mr.  K.  T.  Hare,  of  this  armory — a  muzzle  rest  being  used — 
to  take  in  his  entire  height,  after  which  the  height  of  the  opening  fn  the 
stadiom  was  careftiUy  measured  in  order  to  compare  it  with  tliat  alrea<ly 
foand  by  computation  in  Table  II,  This  was  repeated  at  the  200,  300, 
500,  600,  and  800  yards  targets  with  the  results  given  in — 


TABLE  V. 

» 

'     IOO,U. 

mydi. 

390  jdl. 

snyi: 

600  rd». 

800  jd«. 

■       0".32 

0...1. 

O-.ll 

C'.M 

r.oes 

0-^03 

These  values  of  y,  while  ditfering  bnt  little  from  those  in  Table  II, 
correspond  to  raages  of  83,  18(!,  270,  40C,  458,  and  902  yarda,  respect- 
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ively.  From  this  it  will  be  seen  that  the  slight  error  in  determining 
the  height  of  the  opening  at  the  longer  ranges  will  cause  a  very  great 
error  in  the  range  itself;  for  instance,  at  800  yards  the  height  found 
experimentally  differed  by  but  0''.007  from  the  true  height,  and  yet  the 
indicated  range  was  992  yards.  This  is  shown  graphically  in  Fig.  5, 
there  being  no  sensible  difference  in  the  height  of  the  ordinates  for 
ranges  above  400  yards.  For  the  puri)ose  of  correcting  as  far  as  possi- 
ble this  extreme  delicacy  the  distance  between  eye  and  stadium  should 
be  as  great  as  possible,  as  the  difference  between  any  two  heights  of  the 
opening  would  be  greater;  in  other  words,  the  telemeter  should  be  near 
the  muzzle  and  hence  separate  from  the  rear  sight.  It  would  also  be 
advisable  to  separate  the  sight  from  the  telemeter  on  the  score  of  econ- 
omy and  weight  independently  of  the  reason  first  given.  Finally,  the 
construction  of  the  stadium  is  such  that  the  blur  in  sighting  at  a  man^ 
unless  very  near,  causes  a  great  straining  of  the  eye  to  take  him  in  even 
when  standing  motionleSv^,  which  is  rather  more  than  we  can  reasonably 
expect  Jin  enemy  to  do  at  ranges  at  which  this  sight  can  be  used.  It 
only  remains  to  add  that,  having  determined  the  distance  in  each  case, 
the  gun  was  fired,  but  with  such  extraordinary  results  as  almost  to  lead 
one  to  believe  the  curves  had  been  cut  on  the  stem  at  random  rather 
than  as  a  result  of  computation.  The  rifle,  however,  having  a  different 
front  sight  and  firing  a  different  cartridge  from  that  for  which  the  telem- 
eter-sight was  intended,  probably  accounts  for  the  great  discrepancy 
between  the  indicated  range  and  the  graduation  of  the  sight  necessary 
to  attain  it.  As  a  result  of  the  trials  and  the  facts  above  developed  the 
conclusion  is  inevitable  that  this  sight  is  more  ingenious  than  useful. 


hi  I 

1 

i 
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APPENDIX  19. 

EEPORT  ON  THE  INSPECTION  OF  CONTRACT  SMALL-ARM  AMMUNITION 
BY  CAPT.  HENRY  METCALFE,  ORDNANCE  DEPARTMENT. 

(Three  plates.) 

Sir:  I  have  the  honor  to  submit  herewith  an  account  of  the  manner 
of  inspecting  contract  rifle-ball  cartridges,  and  of  the  tools  and  Instru- 
ments used  in  the  inspection. 

The  inspection  is  governed  by  the  following  general  principles: 

I.  For  convenience,  distinctiveness,  and  to  restrict  the  risk,  the  car- 
tridges are  inspected  in  definite  quantities,  called  "lots,"  from  each  of 
which  a  certain  proportion  is  taken  at  random  and  careftilly  fired,  gauged, 
and  viewed.  Among  these,  according  to  the  gravity  of  the  defect,  a 
certain  number  of  imperfections  are  allowed  (see  form  of  contract  ap- 
pended). In  case  this  number  is  exceeded,  the  contractor  is  afforded 
an  opportunity  of  weeding  out  the  bad  work  before  the  final  inspection 
is  made.  In  the  final  inspection  the  proportion  of  allowable  defects  is 
reduced  one-half. 

The  practical  result  of  this  method  is  to  induce  the  contractor  to  take 
great  care  with  his  own  preliminary  inspection,  so  that  the  official  in- 
spection may  serve  merely  to  verify  work  which  should  have  already 
been  performed.  It  should  not  be  the  duty  of  the  inspector  to  cull  good 
work  from  the  bad ;  his  province  is  to  see  that  this  has  already  been 
done,  or  to  require  it  under  penalty. 

It  will  be  observed  hereafter  that  no  provision  is  made  for  marking 
or  withholding  rejected  work.  The  presumption  is  that  bad  work  can- 
not be  intentionally  mixed  with  good  without  involving  too  great  a  risk 
to  make  the  enterprise  profitable. 

II.  The  cartridges  are  judged,  as  far  as  possible,  by  their  actual  per- 
formance while  firing  in  a  rifle  of  prescribed  dimensions. 

The  best  result  would  be  obtained  could  this  firing  be  conducted  so 
as  to  include  a  trial  of  accuracy,  which  is  of  necessity  the  supreme  test 
of  all  ammunition. 

But  as  this  course  would  involve  many  conditions  which  could  not 
be  allowed  for  without  serious  doubt  or  dissension,  it  is  deemed  better 
to  infer  the  accuracy  from  the  corresponding  uniformity  of  the  initial 
velocity.  This  can  be  readily  prescribed  and  exactly  determined  with- 
out reference  to  person,  place,  or  time;  while  the  reputation  of  the 
manufacturer  in  the  field  may  be  safely  trusted  to  provide  those  refine- 
ments of  workmanship  upon  which  great  accuracy  depends. 

III.  The  firing  is  supplemented  by  gauging  only  so  far  as  may  be  re- 
quired to  make  sure  that  the  cartridges  will  enter  any  gun  in  service  and 
be  certainly  extracted  from  it,  and  also  to  establish  a  necessary  infer- 
ence as  to  their  keeping  qualities. 

IV.  The  gauges  should  represent,  as  far  as  possible,  the  actual  sur- 
roundings of  the  cartridge  while  in  the  gun.  They  should  be  simple  in 
construction  and  application,  and  few  in  number.  Where  they  are 
meant  to  establish  allowable  variations  from  a  standard,  the  differences 
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of  each  pair,  or  the  "limits,''  should  be  set  as  far  apart  as  may  be  con- 
sistent with  the  requ-irements  of  the  preceding  paragraph. 

This  will  lessen  the  cost  of  purchase  as  well  as  of  production  by  di- 
minishing the  waste;  help  the  ordinaiy  inspection  directly,  besides 
facilitating  the  attainment  of  the  complete  mechanical  inspection  of 
every  cartridge  made ;  avoid  causes  of  contention,  and,  by  considering 
as  immutable  only  those  conditions  pertaining  to  the  gun,  open  the  way 
for  improvements  in  the  more  easily  altered  cartridge. 

The  contractor  will  be  wise  to  make  his  working  gauges  for  shop  use 
a  little  smaller  than  the  maximum  and  a  little  larger  than  the  minimum 
gauges,  so  as  to  allow  for  wear,  dirt,  and  unavoidable  differences  of 
manufacture.    This  should  be  considered  in  setting  the  limits. 

V.  The  gauges  once  set  should  be  rigidly  adhered  to;  since  from  the 
nature  of  the  inspection  as  hereafter  explained,  no  discretion  should  be 
allowed  to  subordinates  except  as  to  questions  of  workmanship,  &c. 
If  occasion  should  require  it,  the  limits  should  be  changed  by  the  proper 
authority,  but  no  allowance  outside  of  them  should  ever  be  taken  by  a 
sub-inspector.  Otherwise  his  responsibility  ceases,  for  verification  of 
his  work  becomes  impossible. 

Dimensions  which  are  known  to  be  permanent  also  assist  in  determin- 
ing the  causes  of  failures  in  service,  which  may  be  due  to  the  gun  in- 
stead of  to  the  cartridge. 

The  inspection  may  be  continuous,  as  by  one  or  more  resident  sub- 
inspectors,  or  by  visits  from  the  officer  in  charge  of  the  work.  In  either 
case  the  principles  are  the  same,  the  differences  relating  more  to  the 
size  of  the  "lots"  inspected  and  to  the  discretion  taken  in  original  ques- 
tions. The  size  of  the  lots  will  vary  according  to  the  size  of  the  contra<Jt. 
Where  there  is  but  one  resident  sub-inspector  10,000  cartridges  may 
well  form  a  lot.  When  inspected  by  an  officer,  as  above,  10  lots  or 
100,000  cartridges  are  about  the  number  justifying  a  visit.  In  large 
contracts,  as  in  the  Turkish  contract,  the  lots  were  of  50,000  cartridges, 
requiring  several  sub-inspectors  under  an  inspector  in  charge  of  each 
factory.  Where  several  factories  are  engaged,  they  are  united  under  a 
principal  inspector. 

Assuming  that  the  inspection  is  by  visit  from  the  officer  in  charge  of 
the  work,  ite  practical  course  is  as  follows: 

One  or  more  lots — say  10  lots  of  10,000  cartridges  each — having  been 
reported  by  the  contractors  as  ready  for  inspection,  one  case  in  each  lot 
is  opened  by  the  inspector  and  200  cartridges  taken  from  it.  To  facili- 
tate this,  the  different  lots  are  numbered  outside  of  the  cases  in  which 
they  are  packed,  and  piled  separately,  with  the  lids  only  temporarily 
secured. 

The  inspector  can  thus  readily  designate  a  certain  case  in  each  lot 
and  direct  the  removal  of  any  certain  layer  from  it.  Each  paper  pack- 
age is  marked  with  the  number  of  the  lot  on  one  end  of  the  body  near 
the  lower  edge  of  the  lid. 

These  ])ackages  having  been  secured  in  the  inspecting  room  to  await 
further  action,  two  or  more  packages  of  each  lot  are  marked  and  taken 
to  the  firing-room. 

There  one  package  from  each  lot  is  fired  from  a  rifle  worn  so  as  to 
fairly  represent  an  arm  which  has  seen  considerable  service.  This  is 
known  as  tlie  standard  rifle.  It  should  be  gauged  in  the  mouth  of  the 
chamber  and  the  counterbore  space  from  time  to  time,  so  as  to  make 
sure  that  it  does  not  exceed  the  prescribed  dimensions.  So  for  the 
firing-pin,  which  should  work  freely  and  project  the  prescribed  distance. 

This  firing  is  to  test  the  working  of  the  ammunition  as  to  strength 
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and  certainty  of  fire  and  of  extraction.  As  the  empty  shells  of  each  lot 
fall  to  the  ground  they  are  gathered  into  a  small  pan,  into  which  i» 
thrown  the  empty  pasteboard  package  marked  with  the  number  of  the 
lot  as  a  means  of  identification. 

This  box,  going  by  the  name,  for  want  of  a  better  one,  of  the  "hos- 
pital," serves  to  contain  in  its  compartments  all  doubtful  or  defective 
cartridges  for  the  inspection  which  now  takes  place  for  pierced  or  leaky 
primers,  and  for  split,  burst,  or  very  dirty  shells. 

A  leaky  primer  is  accounted  one  in  which  the  fouling  has  discolored 
the  head  of  the  cartridge  beyond  the  primer  pocket.  Small  specks  of 
fouling  close  to  the  primer  do  no  harm.  The  danger  to  be  guarded 
against  is  the  fouling  of  the  firing-pin  hole.  A  pierced  primer  is  a  more 
serious  matter,  as  the  erosive  force  of  the  jet  of  gas  is  very  destructive. 

The  longitudinal  splitting  of  a  cartridge  is  much  less  serious  than  a 
transverse  burst  or  tear. 

The  fouling  back  of  the  case  outside  is  often  caused  by  dampness 
remaining  in  the  chamber  after  cleaning  the  gun. 

To  constitute  a  serious  defect  the  fouling  should  run  back  to  the 
head,  indicating  a  likelihood  of  gas  escape  outside  the  arm,  which  might 
injure  the  firer. 

A  failure  to  extract  may  occur  from  the  softness  or  thinness  of  the 
edge  of  the  flange,  undiscoverable  by  the  ordinary  process  of  ganging, 
combined  with  unusual  resistance  to  extraction,  such  as  fouling,  &c., 
within  the  chamber. 

The  trouble  is  also  sometimes  due  to  the  extractor.  In  the  early 
manufactures  of  the  rifle  this  occasionally  became  worn  so  that  the 
point  would  rise  higher  than  was  intended. 

The  cartridge-head,  particularly  if  small  or  a  little  eccentric,  might 
pass  under  or  beside  the  extractor  and  be  shorn  from  rear  to  front  in 
closing  the  breech-block.  It  might  also  catch  against  the  sharp  point 
of  the  extractor  so  as  to  crowd  the  cartridge  against  the  opposite  edge 
of  the  chamber  in  entering,  frequently  giving  the  impression  thereby 
that  the  cartridge  was  unduly  large  in  the  body  or  the  head. 

Should  a  cartridge  slip  by,  the  cause  of  the  failure  should  be  ascer- 
tained,  as  this  constitutes  a  serious  defect. 

Causes  of  misfires  should  be  discovered. 

Each  defect  as  it  is  discovered  is  designated  on  the  side  of  the  box 
opposite  to  the  compartment  in  which  the  shell  is  put.  All  shells  meet- 
iug  the  requirements  are  thrown  into  the  scrap  barrel  and  are  no  longer 
considered. 

Besides  the  firing  done  firom  the  standard  rifle,  which  alone  decides 
this  part  of  the  inspection,  it  is  well,  to  fire  now  and  then  a  pagkage 
from  the  Hotchkiss  and.Gatling  guns,  maximum  or  minimum  service 
nfles  representing  the  most  worn  and  tightest-fitting  guns  that  can  be 
found,  and  any  other  special  arms  concerning  the  £ulaptability  of  the 
ammunition  to  which  information  may  be  valuable.  The  firing  from 
the  machine  guns  should  be  done  with  the  utmost  rapidity. 

This  firing  has  nothing  to  do  with  the  acceptability  of  the  cartridges 
wnder  the  contract,  although  the  result  of  it  goes  on  the  inspection 
rej)ort. 

Rring  should  be  done  as  much  as  possible  by  the  inspector  himself^ 
and  irom  the  shoulder. 

If  the  cartridges  are  reloading,  ten  should  be  taken  now  and  then 
u'om  some  lot  and  reloaded  and  fired  five  times.  Not  more  than  one 
cartridge  should  burst  or  split  in  so  doing.     (See  contract  hereafter.) 

It  is  well  also  for  information  to  do  the  re-firing  occasionally  in  the 
niaximLum  and  minimum  guns  alternately  with  and  without  resizing. 
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All  failares  should  be  put  into  the  hospital  boxes  and  marked,  so  as 
to  be  accounted  for  on  the  inspection  report. 

The  firing  for  initial  velocity  may  now  be  conducted,  running  all  ten 
lots  through  at  once,  by  firing  five  shots  out  of  the  second  package  above 
referred  to. 

It  is  adv^isable  to  fire  at  the  beginning,  middle,  and  end  of  the  series 
a  few,  say  10,  service  cartridges  of  known  initial  velocity.  The  differ- 
ence between  the  average  results  indicated  by  the  chronograph  and  the 
velocities  marked  on  the  service  ammunition  will  give  a  ±  correction 
which  should  be  applied  to  the  indicated  velocities  of  the  contract  car- 
tridges. 

For  example:  If  the  service  ammunition  which  is  marked  "IV — 1,330 
feet"  should  give  at  the  factory  an  indicated  velocity  of  1,325  feet  at 
the  same  time  that  the  inspected  work  gave  1,316  feet,  the  true  velocity 
of  the  latter  to  be  entered  on  the  inspection  report  would  be  1,321  feet. 

This  course  corrects  all  constant  instrumental  errors  and  those  of  posi- 
tion, excepting  such  as  may  be  irregular  in  their  nature.  Among  these 
are  passing  wagons  and  trains,  the  starting  of  trip-hammers  or  other 
vibratory  machinery,  or  the  cessation  of  these  disturbances. 

When  convenient,  it  is  well  to  confine  this  firing  to  the  dinner  hour. 

To  insure  the  stability  of  the  chronographic  apparatus  against  the 
shock  of  the  discharge,  experience  has  shown  that  it  may  be  well  to 
place  the  instrument  beyond  the  second  target  and  to  establish  commu- 
nication with  the  finng  point  through  a  telephone. 

A  very  good  instrument  for  this  purpose  can  be  bought  for  $5.  The 
signal  can  be  given  by  tapping  on  the  diaphragm. 

The  Le  Bouleng6  chronograph,  on  account  of  its  portability,  is  probably 
the  best  instrument  for  Inspecting.  It  works  well  if  carefully  adjusted 
in  its  mechanical  points. 

It  should  be  mounted  on  an  independent  pedestal.  A  block  of  wood 
sunk  into  the  ground  without  touching  the  surrounding  floor  answers 
very  well. 

The  rods  and  electro-magnets  should  be  tested  every  now  and  then 
for  resistance,  insulation,  and  permanent  magnetism.  The  resistance  of 
the  coils  should  be  about  10  ohms.  Defective  insulation,  due  to  the 
burning  effect  of  lightning  or  to  the  accidental  transmission  of  too  in- 
tense a  current,  can  be  detected  by  the  quivering  of  the  galvanometer 
needle  while  testing  the  resistance. 

The  zinc  cylinders  are  very  conveniently  blackened  by  dipping  them 
for  a  moment  in  an  acid  solution  of  sulphate  of  copper  (old  cartridge 
pickle),  and  then  rinsing  and  wiping  them  inside  and  out.  By  this 
means  they  can  be  used  over  and  over  again,  as  the  knife  makes  a  clear 
bright  cut  without  spawling. 

Each  shot  c^n  be  numbered  with  a  lead  pencil  or  a  sharp  metallic 
point. 

It  is  well  before  beginning  the  series  to  mark  a  line  around  the  tube* 
at  the  standard  velocity  desired,  say  1,325  feet,  or  else  at  the  velocity" 
11  mits. 

The  eye  alone  can  thus  judge  very  closely  of  the  result  without  stop- 
ping to  measure  at  every  shot.  We  not  only  thus  save  time,  but  the  re- 
sults are  obtained  under  more  closely  similar  conditions,  and  mistakes 
of  measurement  are  less  likely  to  occur  when  the  cuts  are  all  measured 
in  immediate  succession  at  the  end  of  the  firing. 

In  case  any  extraordinary  velocity  is  recorded  it  can  be  more  readily 
detected.     It  is  well  in  such  a  case  to  take  immediately  a  few  disjnnc 
tions,  and  if  the  instrument  and  the  second  target  appear  all  right,  to 
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draw  a  few  of  the  bullets  from  the  remaining  cartridges  and  examine 
and  weigh  the  charges. 

The  variation  in  weight  of  bullets  is  prescribed.  The  extreme  varia- 
tion in  weight  of  ten  powder  charges  should  not  exceed  a  grain  nor  the 
mean  variation  one-quarter  grain.  Under  ordinary  circumstances  the 
variation  of  a  grain  in  the  weight  of  powder  corresponds  to  about  8  or 
10  feet  in  velocity. 

The  weighing  is  only  to  confirm  the  indications  of  the  chronograph 
and  to  direct  special  attention  to  the  cause  of  the  defect.  The  result  of 
the  firing  is  decided  by  the  chronograph  unless  it  can  be  shown  to  be 
wi-ong. 

When  the  chronograph  is  in  good  working  order,  a  disjunction  every 
five  shots,  or  between  lots,  is  sutficient  for  all  practical  purposes. 

The  gun  should  be  wiped  every  five  shots  and  occasionally  examined 
for  leadiug.  Since  wiping  out  the  gun,  espt-icially  with  water,  has  a 
tendency  to  lower  the  velocity  of  the  next  succeeding  cartridge,  it  is 
well  when  this  course  is  followed  to  fire  six  shots  and  discard  the  first 
of  the  series. 

When  time  i)resses  and  assistance  can  easily  be  had,  the  firing  for 
velocity  can  be  greatly  expedited  by  having  three  helpers.  The  in- 
spector being  at  the  chronograph,  one  helper — a  boy  will  do — ^to  work 
the  disjuuctor  close  at  hand ;  a  second  to  fire;  a  third  to  wipe  out  the  gun 
and  mend  the  first  target;  and  if  possible  a  fourth  to  watch  the  second 
target  screws  and  keep  them  from  jarring  loose.  With  three  helpers 
three  velocities  per  minute  can  easily  be  taken. 

The  single  strand  of  fine  copper  wire  with  a  ratchet  tension  answers 
best  for  the  first  target  [Plate  I.l 

For  the  second  target  an  iron  or  steel  plate  about  12"  by  12''  by  1".6, 
secured  between  two  uprights  and  with  a  spring  circuit-breaker  behind 
it,  as  shown  in  Plate  I,  answers  best  for  this  kind  of  work,  in  which 
rapidity  rather  than  extreme  accuracy  is  required.  This  is  the  arrange- 
ment devised  at  this  arsenal  by  Capt.  William  Prince,  Ordnance  Depart- 
ment, and  in  use  here  for  several  years. 

Owing  to  the  tremendous  energy  of  the  bullet's  impact,  about  0.8  foot- 
ton,  the  spring  is  sometimes  deranged,  or  set  so  that  its  contact  with  the 
breaking  point  is  altered.  This  sometimes  changes  the  electrical  resist- 
ance at  that  point,  causing  a  variation  in  the  next  disjunction  record  or 
affecting  the  value  of  the  next  shot. 

It  should  be  tested  by  snapping  the  spring  with  the  finger  between 
several  successive  disjunctions.* 

Theshock  is  also  sometimes  apt  to  loosenthe  target  wires  and  produce 
the  same  result.  For  this  reason  it  is  well  to  connect  the  line  wires  to 
short  pieces  of  wire  soldered  fast  to  the  electrical  fittings  of  the  second 
^^•rpet,  as  shown  in  Plate  T. 

Ijong  continued  firing  is  also  apt  to  extend  in  a  convexed  form  the  face 
<^f  the  iron  plate,  so  that  the  wooden  backing  will  only  bear  at  its  ends 
*ttd  thns  receive  the  shock  less  readily. 

For  these  reasons  it  is  well  to  examine  the  second  target  frequently 
during  the  firing,  and  as  the  inspector  is  generally  at  the  chronograph, 
the  target  should,  as  already  suggested,  be  readily  accessible  from  the 
onildiug  in  which  this  is  i)laced.  This  is  more  important  than  it  may 
^eem,  for  the  second  target  being  a  mechani>^m  is  as  much  subject  to 
derangement  as  the  cliron(>griii>h,  and  should  be  under  the  same  control. 

The  fired  shells  are  then  examined  as  before  prescribed,  and,  if  accept- 

This  may  be  corrected  by  limiting  the  excursion  of  the  si)rli'gor  the  derangement 
^i  it«  support  by  suitably  mechanical  means. 
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able,  the  gauging  may  begin.  But  if  the  allowable  number  of  defects 
should  have  been  exceeded,  the  lot  can  be  at  once  returned  to  the  con- 
tractor for  reexamination;  or  if  desired  for  his  more  complete  informa- 
tion, the  guaging  may  be  proceeded  with,  according  as  time  or  expedi- 
ency may  direct. 

Ten  shots  from  each  h)t  should  be  fired  for  accuracy  either  at  the  fac- 
tory or  at  some  convenient  arsenal.  The  firing  should  be  done  in  com- 
parison with  service  ammunition,  as  in  taking  velocities. 

The  range  usually  selected  is  500  yards,  at  which  distance  the  mean 
deviation  shouUl  not  exceed  one  and  a  half  times  that  of  the  service 
ammunition,  nor  the  elevation  =^  be  much  greater. 

By  analyzing  excessive  differences,  should  they  occur,  the  causes  of 
variation  may  be  discovered  and  reiiorted  to  the  contractor  forcorrection. 

Although  500  yards  is  probably  the  best  range  when  it  can  be  con- 
veniently obtained,  a  much  shorter  range,  even  one  of  40  yards,  if  fre- 
quently used  maj'^  be  of  great  assistance  to  the  'manufacturer,  upon 
whom  should  be  impressed  the  importance  of  constantly  proving  tlie 
result  of  his  efforts  to  combine  uniformly  the  different  elements  of  the 
cartridge. 

The  single  one  of  powder  is  subject  to  so  many  conditions  of  moisture, 
age,  compression,  &c.,  affecting  its  velocity,  pressure,  and  fouling,  that 
no  safe  conclusion  as  to  its  final  performance  can  be  reached,  unless  that 
performance  be  as  closely  imitated  during  the  manufacture  as  can  pos- 
sibly be  done. 

The  following  are  the  nominal  dimensions  of  the  inspecting  points. 
Their  relations  to  the  cartridge  are  shown  in  Plate  III,  in  which  maxi- 
mum dimensions  only,  as  the  most  important,  are  shown. 

Work  to  be  acceptable  must  enter  or  be  entered  by  the  proper  maxi- 
mum gauges,  and  must  not  enter  or  be  entered  by  the  proper  minimum 
gauges. 


Dimeiuiioiifl  of  principal  gauging  points. 


Cartridge  case — 

1.  Total  length 

2.  Diameter  of  cylinder  inside 

3.  Diameter  of  body  at  head  

4.  Diameter  of  body  at  front -. 

5.  Diameter  of  head ' 

6.  Thickness  of  head.... 

Bullet— 

7.  Diameter  of  cylindrical  part 

8.  Diameter  of  conical  part  in  front  of  grooves 

9.  Weight,  grains  

10.  AUoy— lead  :  tin  : :   16  :   1. 

11.  Lubricant,  Japan  wax. 
Misoellaneons— 

12.  Total  length  of  cartridge 

13.  Charge  of  powder,  grains 

14.  Initial  velocity,  feet 


standard. 


2".  105 
0".  458 
0".  505 
0".  480 
0".  610 
0".  070 

0". 458 

0".  445 

405 


2".  56 
70 
1,325 


Maximum. 


2". 105 
0".  458 
0".  505 
0".  480 
0".610 
0".  070 

0".458 

0".  447 

407 


2".  56 


Minimum. 


0".  458 


1,350 


0".  595 
0".  065 

0".458 

""403 


1,300 


It  will  be  observed  that  the  minimum  and  internal  dimensions  ar^ 
eschewed.  The  intention  being,  as  expressed  in  Eule  II,  to  allow  the 
contractor  to  make  his  cartridges  in  his  own  way,  provided  surely  that 
all  will  enter  every  gun,  fire  safely,  and  be  extracted  without  fail.  The 
firing  is  the  surest  and  most  conclusive  guard  against  undue  reduction 
in  size. 

For  special  reason  requiring  minima  in  Nos.  2  and  7  above  see  further 
on. 

The  external  dimensions  of  the  cartridge  are  expressed  in  terms  of 
the  standard  inch  in  use  at  the  National  Armory,  since  these  dimensions 
refer  particulaily  to  the  adaptability  of  the  cartridge  to  the  arm  5  but  the 
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dimensions  of  the  bullet  are  in  terms  of  the  inch  in  use  at  this  arsetial, 
where  the  bullets  are  made. 

Although  these  differences  are  in  course  of  correction  by  you  by  the 
adoption  of  a  common  standard,  they  are  referred  to  so  as  to  show  the 
care  taken  to  start  rightly  in  the  construction  of  the  gauges,  and  to 
account  for  much  of  the  vexatious  dissension  which  has  resulted  iu  the 
inspection  from  neglecting  these,  differences  in  standard.  So,  to  prevent 
confusion  by  their  comparison  with  different  standard  measures,  all 
figured  dimensions  are  omitted  from  the  present  inspecting  gauges, 
which  are  made,  however,  as  closely  as  possible  of  the  same  actual  dimen- 
sions as  certain  holes  ana  plugs  adopted  as  the  standard  gauges. 

Hie  comparison  is  made  by  certain  plugs,  such  as  shown  iu  Plate  II, 
which  are  required  to  fit  both  the  standard  and  the  inspecting  female 
gauges,  and  conversely. 

Where  the  holes  to  be  compared  are  taper,  or  where  they  terminate 
in  shoulders  against  which  a  testing  plug  might  abut,  so  as  to  give  falsely 
the  appearance  of  a  fit,  the  holes  are  further  tested  by  sectional  plugs, 
shown  at  &,  c,  d^  Plate  U. 

The  extreme  length  of  these  plugs  is  the  same  as  that  of  the  standard 
plug  a,  but  its  sur&ce  is  removed  at  all  but  the  testing  points.  When 
dropped  into  a  taper-hole,  as  into  gauge  Ko.  1,  both  ends  should  come 
flush  with  the  ends  of  the  gauge. 

Note. — It  takes  less  pressure  to  set  these  sectional  plugs  home,  on 
account  of  their  diminished  bearing. 

When  it  is  considered  that  the  taper  of  these  gauges  is  (y^505 — 0^^480 
=0".025  in  2''.035,  or  0".0010  in  0".0814,  it  will  be  seen  how  closely  the 
work  has  to  be  done  to  prevent  the  plug  from  projecting  0'^01,  which 
would  be  ati  easily  appreciable  quantity  to  the  touch,  and  yet  repre- 
sent a  variation  of  less  than  one-eighth  of  one-thousandth  of  an  inch  in 
diameter. 

Note. — A  taper  sectional  gauge  of  this  kind  is  very  useful  for  exam- 
ining the  mouth  of  the  gun-chamber,  where  the  swelling  of  the  cartridge 
is  most  apt  to  be  felt.  This  was  found  particularly  useful  in  the  Turkish 
contracts,  where  the  endurance  of  the  shells  was  made  a  condition  of 
their  acceptance.  In  this  case,  owing  to  the  peculiar  construction  of 
the  reinforced  Berdan  shell,  its  endurance  was  much  affected  by  the 
permanency  of  this  dimension,  the  enlargement  of  which  could  not  be 
discoveredby  ordinary  plug  gauges.  So,  also,  the  chamber  of  the  gun — 
especially  when  of  the  bottle-necked  pattern — might  escape  detection  if 
CDlarged  about  the  middle,  and  yet  cause  cartridges  fired  in  it  to  split 
or  burst  unfairly. 

Although  without  especial  reference  to  the  gauges  herein  described, 
a  costly  experience  has  shown  that  it  is  well  to  adopt  a.  similar  precau- 
tion in  making  gauging  holes  for  minimum  dimensions. 

The  operation  of  grinding  is  inclined  to  render  the  hole  somewhat 
flaring,  so  that  a  hole  through  which  a  standard  plug  mayjustpiiss 
inay  yet  be  large  enough  at  the  true  measuring  point — ^its  mouth--to 
receive  a  cartridge  one  or  two  thousandths  larger. 

This  is  obviated  in  practice  by  turning  out  the  inside  of  the  hole,  as 
Shown  in  Plate  II,  Fig./. 

The  concentricity  and  true  depth  of  the  counterbore  of  gauge  No.  1 
are  proved  by  a  plug,  such  as  shown  at  a,  Plate  II.  The  solid  button 
on  the  head  of  the  plug  should  fill  the  counterbores  of  both  the  standard 
and  the  inspectihg  gauges  in  whichever  way  presented,  and  when  in 
place  it  should  turn  freely  in  the  gauge. 

It  may  not  be  amiss  to  state  here  that  the  ordinary  method  of  measur- 

11  OSD 
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ivg  holes  is  first  to  make  a  plag  to  fit  the  hole,  and  then  measaring  the 
plug  with  a  standard  vernier,  or.  what  is  more  exact,  testing  the  fit  of 
the  plug  in  another  standard  hole.  The  hole  itself  is  never  measured 
where  exactness  is  required.    So  with  the  length  between  shoulders. 

The  gauges  shown  in  Plate  I  are  those  which  I  regard  as  essential 
for  the  examination  of  the  selected  specimen  cartridges  by  the  inspector. 

Their  irregular  numbering  is  due  to  their  selection  from  a  larger  assort- 
ment, ibrmed  in  the  growth  of  the  present  system.  The  gauges  omitted 
from  consideration  here  are  generally  more  valuable  in  the  analysis  of 
defects  than  in  their  discovery,  and  hence  belong  more  to  the  province 
of  the  manufacturer  than  to  the  inspector. 

Oattge  No.  1  determines  the  maximum  size  of  the  body  of  the  cartridge 
and  its  length,  and  the  maximum  effective  diameter  and  thickness  of  the 
cartridge  head.  When  a  cartridge  of  the  proper  dimensions  is  in  the 
gauge,  no  portion  of  the  case  shoiSd  project  from  either  end. 

To  test  this  a  straightrcdge  is  provided,  which  also  serves  to  detect 
projecting  primers.  If  the  head  should  project  it  may  be  because  the 
body  is  too  large  or  crooked,  or  because  the  head  is  large  or  thick,  or 
eccentric  or  oblique.  The  special  fault  may  generally  be  found  by  turn- 
ing the  cartridge  in  the  gauge  and  looking  for  the  spot  on  which  it  rubs. 
This  gauge  should  be  tried  on  every  cartridge  inspected. 

Note  I. — Inasmuch  as,  owing  to  practical  difficulties  in  hardening  and 
grinding  steel,  it  has  been  found  almost  impossible  to  make  the  counter- 
bore  of  a  hardened  steel  gauge  exactly  true  with  the  body,  it  will  be 
found  advisable,  in  case  a  cartridge-head  projects,  to  turn  the  cartridge 
until  some  position  of  the  gauge  is  found  in  which  it  will  enter,  in  con- 
sequence of  the  coincidence  of  the  two  eccentricities  or  obliquities* 

KoTE  II.— In  testing  the  projection  of  a  doubtful  head  the  cartridge 
should  be  pressed  firmly  home ;  but  in  testing  the  projection  at  the 
other  end  this  action  should  be  reversed  and  the  cartridge  pressed  out 
to  the  rear  until  its  head  touches  a  straight-edge  laid  across  the  face  of 
the  guage,  which  in  this  case  represents  the  face  of  the  breech-block  of 
a  minimum  gun. 

Note  III. — A  very  convenient  form  of  this  gauge,  where  constantly 
used,  consists  of  a  gauge  as  above  described  set  in  a  frame  provided 
with  a  turn-button  sliding  tightly  over  the  face  of  the  gauge.  The  frame 
is  to  be  made  fast  to  the  edge  of  the  work-bench. 

OaugQ  No.  19.  This  measures  the  minimum  eccentric  diameter  of  head 
or  double  the  minimum  radius,  which  is  the  effective  diameter  of  the 
head  as  far  as  its  certainty  of  extraction  is  concerned.  With  the  car- 
tridge in  place  no  portion  of  the  shallow  counterbore  at  the  mouth  of 
the  gauge  should  be  seen  from  above,  nor  for  a  stronger  reason  should 
the  cartridge-head  drop  into  the  recess. 

Note. — With  folded-head  cartridges,  such  as  were  formerly  exclu^ 
sively  made,  there  is  no  necessity  for  the  special  feature  of  such  gauges 
as  Nos.  1  and  19,  because  the  natural  tendency  of  the  sheet  metal  is  to 
fold  itself  concentrically  with  the  body  of  the  case. 

The  metal  of  solid  heads  flows  more  irregulai'ly,  and  they  require  closer 
inspection,  even  when  trimmed  by  ordinary  means. 

Gauge  No.  11. — ^This  measures  the  maximum  total  length  of  the  finished 
cartridge. 

Gauge  No.  14. — ^This  gauge  should  slip  over  the  point  of  the  bullet 
down  to  the  base  of  the  conical  part  in  the  loaded  cartridge,  about  to 
the  mouth  of  the  shell.  Together  with  Ko.  11,  its  use  prevents  the  con- 

*  This  defect  has  been  corrected  in  recent  manufactnies  of  coonterbore  gauges. 
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tact  of  a  projecting  or  swollen  bullet  with  the  throat  of  the  chamber 
and  the  consequent  protrusion  of  the  cartridge  to  the  rear. 

These  gauges  are  required  by  the  occasional  starting  forward  of  the 
buUet  through  an  imperfect  crimp  in  consequence  of  the  expansion  of 
the  powder  and  air  uiside  the  case,  or  of  its  lateral  swelling  from  undue 
compression  in  loading. 

Gauge  No.  12. — This  measures  the  minimum  thickness  of  head.  No 
cartridge-head  should  enter  the  narrow  notch  in  every  position  5  that  is, 
if  it  is  refused  in  some  position  the  presumption  is  that  it  was  gauged 
thas  on  tiie  preliminary  inspection  by  the  contractor,  and  that  it  should 
he  accepted. 

Note. — ^A  gauge  for  this  purpose  may  be  made  with  a  turn-button  as 
described  for  No.  1,  or  a  slide,  only  that  the  turn-button  or  slide  should 
not  Qlose.  The  form  adopted  is  more  convenient  and  sufficiently  exact 
for  all  practical  purposes  of  inspection. 

The  other  notch,  giving  the  maximum  thickness,  is  added  for  conve- 
nience only.  The  thickness  in  all  doubtful  cases  is  decided  by  gauge 
No.  1,  which  determines  its  effective  value  in  relation  to  all  contiguous 
ports. 

The  preceding  gauges  should,  as  a  rule,  be  used  on  every  cartridge 
inspected ;  those  following  should  be  occasionally  tried  on  uncompleted 
work. 

Gauge  No.  6. — ^This  measures  the  inside  diameter  of  the  mouth  of  the 
case.  It  should  enter  at  least  about  half  way  freely,  but  should  not  be 
loose. 

Gauge  No.  16. — ^This  measures  the  diameter  and  approximate  length 
of  the  cylindrical  portion  of  the  lubricated  bullet,  with  the  lubricant 
melted  off,  so  as  not  to  stick  in  the  gauge.  The  bullet  should  enter  freely 
and  bear  evenly,  but  should  not  be  loose. 

Note. — ^These  two  gauges  should  fit  each  other,  as  above  prescribed, 
for  this  work. 

This  condition  renders  unnecessary  the  splitting  of  thousandths,  which 
would  be  required  in  making  maximum  and  minimum  gauges  for  these 
dimensions. 

The  combination  gauge  combines  the  body  dimensions  of  the  maximum 
cartridge  with  those  of  the  minimum  gun-chamber,  so  that  any  cartridge 
which  will  enter  this  gauge  will  enter  any  proper  gun. 

It  is  intended  primarily  for  tlse  in  the  field,  headquarters,  &c. ;  but  as 
an  inspecting  tool  it  is  meant  for  a  rapid  survey  of  finished  work  by  a 
snperior  inspector,  or  in  case  of  emergency  it  can  well  be  used  to  the  ex- 
clnsion  of  the  other  gauges,  or  as  a  preliminary  measure  to  their  final 
trial  of  cartridges  which  it  may  reject. 

The  following  instructions  govern  its  use : 

I.  The  effective  thickness  of  the  cartridge-head,  the  body  dimensions 
of  the  case,  projection  of  the  bullet,  and  size  of  front  of  bullet  are  gauged 
by  drawing  the  straight-edge  across  the  two  offsets,  at  right  angles  to 
each  other,  around  the  edge  of  the  counterbore. 

In  one  case  the  straight-edge  should  touch  the  cartridge-head  and  in 
the  other  it  should  slide  over  it. 

II.  The  recess  at  the  large  end  of  the  gauge  measures  the  effective 
maximum  diameter  of  the  cartridge-head. 

m.  The  recess  at  the  other  end  measures  the  minimum  diameter  of 
the  cartridge-head.    It  should  not  receive  the  cartridge-head. 

IV.  In  case  the  cartridge-head  should  project  unduly  when  gauged 
(as  in  ^  I)  it  must  be*  remembered  that  it  may  be  due  to  the  cartridge  ex- 
ceeding the  maximum  dimensions  elsewhere  than  in  the  head.    The 
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defective  point  rtay  be  determined  by  taming  the  cartridge  in  the  gauge 
till  it  rabs  a  bright  spot. 

V.  A  pressure  of  12  x>oands  is  allowable  to  force  cartridges  into  the 
gauge. 

YI.  The  gauge  is  made  short  enough  to  start  the  cartridge  from  it 
by  rapping  the  bullet  end  on  a  table,  &c. 

VII.  Generally,  this  gauge  tells  if  a  cartridge  is  too  large.  Firing 
alone  can  tell  whether  it  is  too  mnall  for  efficiency. 

The  weights  are  those  of  the  standard  bullet  and  charge  of  powder. 
The  small  weights  serve  to  determine  variations  from  these  standards 
on  any  fair  balance. 

The  charge  of  powder  is  regulated  by  the  initial  velocity. 

The  practical  operation  of  viewing  and  gauging  is  as  follows :  The  10 
paper  packages  heretofore  referred  to  are  uncovered  by  an  assistant, 
and  passed  to  the  inspector  with  the  lids  reversed  on  the  bottoms  so  as 
not  to  conceal  the  lot  number. 

He  takes  each  package  in  turn,  scans  the  marking  on  the  head, 
scrapes  along  the  heads  with  a  straight-edge  to  detect  projecting  pri- 
mers, and  looks  for  any  peniiant  turnings  of  metal,  likely  to  occur 
when  heads  are  trimmed  or  when  large  bcdies  are  reduced  by  shaving, 
&c.    Any  defective  cartridges  are  placed  in  the  hospital  box. 

This  done,  the  packages  are  emptied  by  the  assistant  into  loose  work- 
boxes,  and  the  empty  packages  bundled  together  to  await  the  result  of 
the  inspection.    Eubber  bands  answer  well  for  this. 

A  work-box  about  12"  x  5''  x  4''  will  hold  200  rifle  cartridges,  with  the 
hospital  box,  henceforth  their  constadt  companion,  on  top  of  them. 
These  work-boxes  have  the  lot  numbers  chalked  on  them. 

Whenever  a  gauging  machine,  such  as  described  in  Ordnance  Note 
Ko.  69,  can  be  had,  its  use  will  greatly  facilitate  the  remainder  of  the 
work,  as  it  will  take  the  place  of  gauges  1  and  11,  and  in  great  part  of 
separate  handling  with  Nos.  12  and  19. 

For  the  inspection  of  contract  cartridges  the  efficiency  of  the  machine 
WQuld  be  increased  by  making  the  dies  like  the  combination  gauge  in- 
side. 

"No  further  hand  gauging  of  finished  cartridges  would  then  be  neces- 
sary except  an  occasional  trial  with  gauges  Nos.  12  and  19. 

In  order  to  allow  for  wear  the  dies  are  made  about  a  quarter-thou- 
sandth of  an  inch  smaller  than  the  maiCimum  gauge  'No,  1.  which  they 
resemble  in  every  other  particular.  Consequently  the  lailure  of  a 
cartridge  to  pass  this  machine  is  not  conclusive,  but  depends  upon  its 
trial  in  the  hand  gauge  No.  1. 

The  machine  is  most  conveniently  served  by  emptying  one  of  the 
work-boxes  above  described  into  a  flat  wooden  tray  about  18''  by  30" 
by  1  inch  deep.  The  cartridges  being  fed  from  this  tray  by  an  assist- 
ant, they  are  returned  to  the  work-box  by  the  machine,  being  gauged 
by  the  inspector  for  minimum  thickness  of  head  as  they  are  falling  into 
the  box. 

In  this  way  the  inspector  can  readily  gauge  every  other  cartridge, 
which,  considering  the  nature  of  the  detect,  is  sufficient. 

In  all  these  operations  the  cartridges  should  be  carefully  handled, 
not  poured  or  throvm  from  box  to  box,  but  preferably  allowed  to  slide, 
or  be  transferred  by  inverting  the  tray  over  the  work-box  and  then  in- 
verting both  together.  Oareless  handling  is  apt  to  bruise  the  bullets, 
and  badly  bruised  bullets  are  sufficient  cause  for  rejection,  if  bruised 
in  manufacture. 

Before  using  the  gauging  machine  it  should  be  tested  by  the  standard 
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pln^s  and  by  passing  through  each  die  two  steel  dummies,  one  with  a 
head  of  standard  thickness,  and  one  exceeding  that  thickness  bjr  (K'.OOl. 
The  former  should  go  freely,  and  the  latter  should  trip  the  latch  at 
every  die. 

The  dies  should  be  kept  clean  by  occasional  wiping  with  benzine  and 
a  spiral  bristle  brush  and  chamois  skin.  The  counterbore  should  be 
scraped  clean  with  a  pine  splinter,  and  the  bearings  kept  well  oiled. 

In  case  the  machine  cannot  be  driven  by  power,  it  can  be  run  by 
band  by  embracing  the  driving  wheel  with  a  wooden  pulley  about  18 
inches  in  diameter,  fitted  with  a  handle,  and  its  rim  weighted  with  lead. 
It  should  be  run  unifbrmly  at  not  over  45  or  50  turns  per  minute. 

But  if  the  gauging  machine  cannot  be  had,  gauge  No.  1  must  be  used 
by  hand  on  every  oartridge  which  %%  inspected.  With  a  straight-edge  both 
ends  of  the  cartridge  can  be  gauged  at  one  handling. 

In  all  hand  gauging  it  is  well  to  have  two  trays  set  next  to  each  other 
on  a  table.    The  work-box  is  emptied  into  one  of  them  by  the  assistant,  ^ 
who  collects  the  cartridges  in  convenient  handttils — about  7  is  a  good ' 
Bamber — with  the  heads  all  one  way,  and  passes  them  to  the  inspector. 

The  latter  sits  facing  the  light,  which,  if  insufficient,  may  be  improved 
by  fastening  to  the  nearest  edge  of  a  tray  a  small  mirror  turned  toward 
the  tray.  A  hole  is  cut  in  the  bottom,  at  the  farthest  right-hand  corner 
of  the  tray,  through  which  the  cartridges  aa  they  are  gauged  may  be 
dropped  into  the  work-box  beneath.  A  pasteboaid  valve  or  a  slide 
QBder  the  Lole  serves  to  break  their  falL 

The  next  step  to  the  use  of  gauge  No.  1,  either  by  hand  or  by  machine, 
will  be  to  try  the  cartridges  in  gauge  Na  19,  as  before  described.  A 
twirl  of  the  cartridge  when  in  position  serves  to  show  its  coucentrieity. 

The  total  length  of  this  gauge  should  be  the  same  as  that  of  the  body 
of  gauge  Na  1  in  front  of  the  counterbore. 

This  is  so  that  in  gauging  the  head  for  concentricity  the  length  of 
the  body  under  the  head  may  also  be  approximately  determined,  unless 
this  has  already  been  done  in  using  gauge  No.  1  by  hand.  The  gang- 
iog  machine  will  not  detect  this  defect 

Gauge  No.  19  will  not  determine  this  dimension  exactly,  owing  to 
variations  in  the  thickness  of  head  (of  which  it  takes  no  account)  and 
to  varying  projections  of  the  mouth  of  the  shell,  6x1^  to  the  different 
shapes  given  to  the  under  side  of  the  cartridge  head,  which  allow  the 
head  to  enter  more  or  less  into  the  shallow  counterbore  at  the  mouth  of 
the  gauge ;  but  the  eye  will  soon  be  able  to  detect  unusual  projections 
to  the  front,  which  can  then  be  specially  tested  with  gauge  No.  1,  as 
before  described.  So  that  using  this  gauge  thus  as  a  ^^  £ider "  £»r  gauge 
Ko.  1  saves  one  handling  without  loss  to  the  accuracy  of  the  inspection. 

Note. — ^The  purpose  of  this  gauge  is  mainly  to  distinguish  and  pre- 
vent certain  radical  errors  of  manufacture,  such  as  the  eccentric  trim- 
ming of  cartridge  heads  which  is  likely  to  result  from  the  cartridges 
being  held  during  this  operation  on  an  interior  spindle,  whereas  in 
gauging  as  in  firing  they  are  held  by  the  outside;  or  that  of  disregard- 
ing the  extension  in  length  following  the  operation  of  tapering. 

If  the  manufacture  is  properly  planned  the  run  of  the  work  on  these 
points  will  be  so  uniform  that  the  invariable  use  of  this  gauge  can  safely 
be  dispensed  with.  Sufficient  dq[>endence  can  then  be  placed  on  the 
gauge  for  small  heads  attached  to  the  gauging  machine,  and  to  the 
occasional  use  of  gauge  No.  19« 

The  same  remarks  apply  to  gauges  11  and  14,  the  former  of  which 
can  be  entirely  dispensed  with  if  the  gauging  machine  is  used.    During 
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the  band  gauging  it  is  well,  instead  of  returning  the  cartridges  at  once 
to  the  w6rk-box,  to  arrange  them  in  rows  upon  the  bottom  of  the  tray 
as  they  come  out  of  the  gauge.  When  spread  out  thus  they  can  be 
rolled  back  and  forth  for  general  inspection  as  to  workmanship  and 
examined  for  deep  die  scratches,  faults,  folds,  and  bad  dents  in  the 
metal,  and  for  waxy,  bruised,  or  defective  bullets. 

This  course  is  better  than  that  of  individual  inspection,  for  as  the 
great  number  of  the  cartridges  are  probably  good,  the  defective  ones 
will  be  more  readily  detected  by  their  difference. 

The  hardness  of  the  bullet  alloy  is  determined  by  dropping  the  bullet 
jpoint  foremost  through  a  caliber  0.50  barrel,  32  inches  long,  ten  times 
upon,  a  smooth  iron  plate. 

If  of  approximately  the  standard  hardness,  the  bullet  should  not  be 
shortened  less  than  0''.02  nor  more  than  0^^.04. 

The  strength  of  the  crimp  is  determined  directly  by  requiring  it  to 
^support  for  a  few  moments  a  weight  of  25  pounds  applied  to  the  bullet. 

A  few  bullets  should  be  drawn  from  time  to  time  and  the  lubricant 
examined  to  see  that  there  is  none  left  on  the  base  of  the  bullet  and 
that  all  the  grooves  are  properly  filled.  To  draw  the  bullet,  pinch  its 
point  in  a  vise  and  pull  on  the  case  by  slide  wrench  or  the  like,  bearing 
against  the  under  side  of  the  head.  All  wax  should  be  wiped  off  the 
outside  of  the  cartridge,  as  it  serves  to  catch  dust  in  service. 

Solid-head  cartridges  should  be  occasionally  tried  by  splitting  open  a 
fired  shell  and  filing  off  the  head  down  to  the  body.  Then  holding  the 
shell  by  its  mouth  in  a  vise,  pry  out  the  pocket  so  as  "to  sever  the  little 
ring  which  should  now  bind  it  to  the  walls.  This  should  be  about  O'^.Ol 
thick,  should  tear  rather  than  break,  and  should  show  no  sign  of  fold 
or  fouling.  Otherwise  it  shows  a  tendency  to  burst,  to  which  some  solid- 
head  cartridges  ai'e  liable. 

Note. — ^This  is  no  part  of  the  inspection,  which  is  satisfied  with  a 
proper  actual  performance  of  the  cartridge  in  firing.  It  is  valuable  for 
information  only. 

Bullets  are  weighed  finished,  but  free  of  wax^  which  can  be  easily 
scalded  off  by  a  jet  of  steam. 

The  cartridges  having  been  viewed  and  the  paper  packages  having 
been  incidentaUy  examined,  they  can  all  be  returned  to  the  contractor 
for  repacking  and  boxing. 

In  the  mean  while  the  contents  of  the  ten  hospital  boxes  are  carefully 
revised  and  compared  together,  so  that  the  result  of  the  inspection  may 
be  rendered  more  consistent  than  if  each  lot  were  decided  on  separately. 

The  number  and  nature  of  the  defects  are  entered  in  tabular  form  in 
the  inspection  journal,  and  serve  as  the  basis  of  the  report.  (See  Ap- 
pendix.) 

The  hospital  boxes  should  be  carefully  secured  and  permanently  pre 
served  by  the  inspector,  as  they  are  the  very  best  vouchers  to  his  con 
duct  of  the  inspection,  and  offer  the  plainest  evidence  as  to  its  actua 
operation  in  case  modifications  of  it  are  proposed. 

For  the  same  reasons  he  should  secure  his  inspecting  samples,  and 
should  keep  a  daily  journal  and  copies  of  correspondence. 

Should  any  lot  be  unacceptable,  tlie  nature  of  the  defects  should  be 
communicated  to  the  contractor,  so  as  to  give  him  a  chance  to  object  as 
well  as  to  correct  them  in  future. 

This  should  be  done  formally  as  soon  as  possible  by  the  inspection 
report,  of  which  an  example  is  appended.  One  copy  also  is  sent  to  the 
Chief  of  Ordnance  and  one  retained. 

Lots  which  are  not  acceptable  are  returned  to  the  contractor  for  his 
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re-examinatioii.  When  presented  anew  they  are  again  inspected  under 
the  former  rules ;  bat  to  give  the  second  inspection  the  increased  sever- 
ity which  it  deserves,  the  allowable  proportion  of  defects  is  reduced 
one-half  by  doubling  the  number  of  cartridges  in  which  they  are  sought, 
the  tolerance  remaining  the  same  numerically,  although  proportionately 
rednced  one-half.  This  course  is  adopted  instead  o^  simply  reducing 
the  allowable  number  of  defects  for  two  reasons :  First,  the  re4uspection 
covers  more  ground ;  second,  there  are  some  defects,  bursts,  misfires, 
&c.,  of  which  only  one  can  ever  be  allowed. 

Having  found  a  defect,  either  in  the  course  of  the  firing  or  of  the 
viewing  and  gauging,  it  will  be  within  the  discretion  of  the  inspector 
whether  to  make  the  re-inspection  general  in  its  character  or  only  to 
rei)eat  that  part  of  it  in  which  the  defect  was  originally  found. 

As  a  rule,  any  defect  preventable  by  the  contractor's  own  inspection 
when  it  occurs  in  excess,  serves  to  taint  the  entire  lot  wherever  the 
defect  may  be  found,  and  so. to  require  its  complete  re-inspection. 

The  effect  is  to  increase  the  watchfulness  of  his  employes,  upon  whom, 
if  easy  precautions  have  been  taken,  can  be  made  to  fall  the  consequences 
of  their  neglect. 

In  such  cases  as  misfires^  or  an  undue  proportion  of  leaky  or  pierced 
primers  or  irregular  velocities,  where  no  amount  of  re-examination  would 
serve  to  eliminate  the  defective  cartridges,  it  is  of  course  unnecessary 
to  put  the  cartridges  through  a  complete  re-inspection,  and  the  double 
number  required  can  be  immediately  fired. 

Any  exception  to  the  rule  and  the  reasons  for  it  should  be  stated  in 
the  column  of  remarks  of  the  inspection  report. 

Inasmuch  as  when  work  is  presented  for  inspection  the  presumption 
IB  that  it  is  good  work,  the  cost  of  the  ammunition  expended  in  verify- 
ing this  presumption  should  be  borne  by  the  purchaser,  particularly  if 
no  fault  be  found  with  the  work.  So  for  aU  firing  as  from  special  arms, 
or  for  special  reasons,  for  the  information  of  the  purchaser. 

But  once  failing  to  be  accepted,  the  presumption  changes,  and  is,  dur- 
ing the  re-inspection,  that  the  work  is  still  bad.  Hence  the  burden 
changes  to  the  contractor,  who  loses  the  cartridges  fired  in  proof. 

Since  many  reasons  require  the  absolute  abstention  of  the  inspector 
from  perquisites  of  any  kind,  he  should  be  careful  to  have  the  scrap 
bra^s  or  copper,  and  the  leaa  when  it  can  be  recovered,  accounted  for 
by  an  allowance  in  settlement  of  account. 

This  is  particularly  important  when  the  inspection  is  in  the  nature  of 
an  arbitration,  as  between  a  contractor  and  a  foreign  government,  where 
ondae  gains  from  either  party  are  inadmissible. 

Supposing  the  ten  lots,  or  100,000  cartridges^  to  have  all  been  accepted 
and  boxed,  they  should  oe  spread  out  for  sealing  by  the  inspector. 

This  is  most  rapidly  done  by  melting  the  wax  in  a  large  ladle  or  ket- 
tle, from  which  small  ladles  full  are  taken  as  required. 

One  man  pours  from  these  ladles  into  the  sealing  countersinks ;  he  is 
followed  by  the  inspector  with  his  seal,  and  if  the  wax  is  hot  and  fluid 
as  it  should  be,  the  inspector  is  followed  by  a  third  man  with  a  pitcher 
of  cold  water,  which  he  pours  on  the  hot  wax  as  the  seal  is  removed. 
This  chills  the  wax  and  prevents  obliteration  by  the  internal  heat. 

The  seal  should  be  occasionally  cooled  in  the  water  and  cleaned  with 
Mme  alcohol  and  a  stiff  brush. 

When  the  cases  are  spread  out  they  can  be  examined  generally  as  to 
their  condition,  besides  making  a  special  examination  of  the  sample  case. 
Broken  boxes  should  be  replaced.  A  good  box  should  stand  when  packed 
a  three-foot  fall  on  a  hard  road,  striking  cornerwise. 
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Then  the  certificates  of  inspection  are  signed,  which  completes  the  in* 
spection.    A  quadruplicate  copy  should  go  with  the  inspector. 

The  rate  of  inspection  depends  very  much  on  the  quality  of  the  work. 
With  every  thing  in  good  order,  including  the  work,  about  five  lots  of 
10^00  each  can  be  inspected  per  day. 

With  a  gauging  machine  such  as  described  in  Ordnance  N"otes  !N'o.  69, 
two  or  three,  times  this  work  could  easily  be  done  if  the  cailridges  were 
good. 

Herewith  will  be  found  Plate  I,  showing  arrangement  of  velocity  tax- 
gets. 

Plate  II.  Form  and  dimensions  of  inspecting  gauges  and  of  test-plugs. 

Plate  III.  The  shape  and  inspecting  points  of  the  cartridge. 

Blank  contract. 

Blank  inspection  report. 

List  of  useful  articles. 


APPENDIX  A. 

(In  qaintaplioate.) 

This  contract,  made  and  entered  into  this day  of ,  one  tbonsand.  eight 

hnndrcd  and ,  between  the comi)any  of  .  in  the  State  of 

,  of  the  first  part,  and  the  United  States,  by  Brigadier-GcDeial ,  Chief  of 

Ordnance,  actine  nnder  the  direction  and  by  authority  of  the  Secretary  of  War,  for 
and  in  behalf  of  the  second  part,  witnesseth : 

That  the  party  of  the  first  part  does  hereby  contract  and  engage  with  the  United 

States  to  famish ( )  metallic  solid-head  riile-bali  cartridges,  caliber  0".45, 

in  accordance  with  the  following  specifications  as  to  dimensions,  limits,  and  weights 
of  the  cartridges,  and  as  to  the  manner  of  their  iuspectioa,  viz : 

1 .  Gauging. — The  inspector  will  be  governed  by  the  actual  sizes  of  the  standard  gauges 
supplied  by  the  Ordnance  Department,  whatever  discrepances  may  exist  between  the 
nominal  measurements  of  these  gauges  and  their  indicated  measurements  by  any  other 
standard. 

2.  Each  cartridge  will  be  gauged  separately  in  such  of  its  parts  as  may  be  required 
by  the  inspector. 

3.  Marking. — The  date  and  place  of  manufacture  and  designation  of  the  cartridges 
will  be  stamped  upon  the  head  of  each  cartridge,  in  the  manner  to  be  prescribed  by 
the  inspector.  The  date  of  manufacture  will  luso  be  branded  or  st-amped  on  one  side 
of  each  packing- box. 

4.  Pac&iw<7.— The  cartridges  will  be  packed  in  paper  boxes  of  approved  patterns. 
The  wooden  packing-boxes  will  be  well  and  securely  made  according  to  established' 
standards. 

5.  Inspection. — The  inspection,  as  far  as  possible,  will  be  confined  to  the  finished  work, 
and  for  this  purpose  the  cartridges  will  be  presented  for  inspection  in  lots  of  10,000, 
loaded  and  packed  in  their  proper  boxes,  which  will  not  be  closed.  Two  hundred  car- 
tridges will  be  taken  indiscriminately  from  each  lot  and  ganged  by  hand,  and  twenty- 
five  will  be  fired,  five  of  them  for  velocity.  If  such  inspection  should  develop  defects 
of  the  kind  ana  to  the  number  hereinafter  enumerated,  the  entire  lot  will  be  rein- 
spected  by  an  examination  of  double  the  number  of  the  cartridges  first  taken,  viz : 
Four  hundred  for  form,  dimensions,  and  weight,  and  fifty  for  finug.  Otherwise  the 
lot  will  be  accepted,  and  the  boxes  sealed  and  marked  to  indicate  the  number  of  the 

lot.    The  lot  jnay  be  looked  over  meanwhile  by  the company  for  the 

elimination  of  these  defects  before  reinspection.  If  the  reinspection  should  develop 
defects  of  the  kind  and  to  the  number  hereinafter  enumerated,  the  entire  lot  of  10,000 
cartridges  will  be  rejected. 

The  occurrence  of  any  of  the  defects  named  below,  in  either  inspection,  will  be  suf- 
ficient cause  for  the  reinspection  or  the  rejection  of  the  lot,  as  the  case  may  be,  viz : 
2  cases  of  passing  limits  for  workmanship,  material,  or  velocity. 

1  case  of  extractor  cutting  through. 

2  cahes  of  want  of  cleanliness  from  imperfect  wiping,  d^  of  the  presence  of  wax  on 
the  b%se  of  the  bullet. 

1  case  of  imperfect  crimping. 

2  cases  of  leaking  back  outside  of  shelL 
1  case  of  misfire. 

1  case  of  projecting  primer. 
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1  case  of  loose  primer. 

1  case  of  bursting  or  splitting  in  proof. 

2  cases  of  leakage  in  or  aronncl  primer. 

And  such  other  cases  of  special  defects  as  may  be  developed  by  the  inspection. 
Their  kind  and  permissible  number  to  be  determined  by  the  inspector. 

6.  lu  the  discretion  of  the  inspector^  from  time  to  time,  ten  cartridges  will  be  talien 
from  each  lot  to  be  fired  aod  reloaded.  In  case  any  two  such  cartridges  should  burst 
in  the  course  of  live  successive  reloadings,  the  lot  will  be  subject  to  reinspeetion  for 
this  defect  iu  the  manner  elsewheie  prescribed. 

7.  All  firing  shall  be  done  from  a  Springfield  rifle  having  a  cartridge-head  space 
from  0".07  to  0"M  in  thickness,  and  a  firing  pin  projecting  between  0''.07  and  0".09 
or  as  required  by  the  inspection  of  small  arms  in  manufacture. 

8.  Although  the  inspection  will,  as  a  rule,  be  confined  to  the  finished  cartridge,  leav- 
ins  to  the  manufacturer  the  entire  choice  of  methods  for  his  production,  yet,  where 
a  detailed  examination  of  the  components  of  the  cartridge  is  required  before  its  load- 
ing, such  inspection  will  be  made. 

9.  The  company  will  notify  the  Chief  of  Ordnance  at  least  one  month  before  their 
deliveries  for  inspection  will  begin,  so  that  a  sub  inspectcMr  may  be  sent  to  wateh  the 
early  stages  of  the  work.  His  wages,  at  the  rate  of  |4.50  per  day.  will  be  paid  by  the  ' 
United  States  for  this  time,  and  for  whatever  time  afterwards  he  may  be  actively 
engaged  in  the  inspection;  but  whenever  the  deliveries  for  inspection  shall,  in  the 
discretion  of  the  inspector,  be  insufficient  to  keep  the  subinspector  actively  employed^ 
then  tlie  expenses  of  the  subinspector  for  such  time  shall  be  equally  divided  between 
the  pftTties  neretd,  in  settlement  of  account. 

AJl  t:hefle  cartridges  are  to  be  packed  by  the  party  of  the  first  part,  if  required,  in 
good  »nd  sufficient  l>oxes  of  an  approved  pattern,  for  which  no  charge  is  to  be  made. 

All  these  cartridges  are  to  be  delivere<V  by  the  said  party  of  the  first  part  at  the 
• arsenal  before . 

Payments  for  each  delivery,  as  hereinafter  provided,  ore  to  be  made  on  certificates 
of  inspection  and  receipt  by  the  United  States  inspectors. 

And  the  said  party  of  the  first  part  does  further  engage  and  contract  that  no  mem- 
her  of  or  delegate  to  Congress  m,  or  ahall  hej  admitted  to  any  share  or  part  of  this 
eontract  or  agreement,  or  to  any  benefit  to  arise  thereupon ;  but  this  stipulation  is  not 
to  be  construed  to  extend  to  this  contract  if  the  same  be  entered  into  by  an  incoix>orated 
company  for  the  general  benefit  of  such  incorporation  or  company. 

And  it  is  hereby  expressly  provided,  and  this  contract  is  upon  the  express  eonditioQ, 
that  if  any  member  of  or  deteji^ate  to  Congress,  officer  of  the  Army,  agent  of  the  mil- 
itary service,  or  other  prohibited  person,  is  or  shall  he  admitted,  contrary  to  law  or 
regulations,  to  any  share  or  part  of  this  contract,  or  to  any  benefit  to  arise  under  it, 
the  same  shall  be,  as  against  the  United  States,  absolutely  null  and  void. 

It  is  further  stipnlated  and  agreed,  that  neither  this  contract  or  any  interest  therein 
shall  be  transferred  by  the  party  of  the  first  part  to  any  other  person,  and  that  any 
such  transfer  ^all  cause  its  annulment  so  far  as  the  United  States  are  concerned,  but 
without  affecting  their  right  to  recover  for  any  breach  of  the  same  by  the  contracting 
party  of  the  first  part. 

It  is  further  stipulated  and  agreed  that,  if  any  default  shall  be  made  by  the  party 
of  the  first  part  in  delivering  all  or  any  of  the  cartridges  mentioned  in  this  contract, 
of  the  quality  and  at  the  times  and  places  therein  provided,  then,  in  that  case,  the 
^  d  party  shall  forfeit  and  pay  to  the  United  States  the  sum  of thousand  dol- 
lars m  agreed  and  liquidated  damages. 

Nothing  in  this  stipulation  contained  shall  be  construed*  to  prevent  the  Chief  of 
Ordnance,  at  his  option,  upon  the  happNenin^  of  any  anch  default,  firom  declaring  this 
^Dtract  to  be  thereafter  null  and  void,  without  affecting  the  right  of  the  United 
States  to  recover  for  defaults  which  may  have  occurred;  but  in  case  of  overwhelming 
Md  unforeseen  accident  by  fire  or  otherwise,  the  circumstances  shall  be  taken  into 
oquitable  consideration  by  the  United  States  before  claiming  forfeiture  for  non-deliv- 
^ry  at  the  time  specified. 

I^he  said  party  of  the  first  part  shall  indemnify  the  United  States  and  all  pentoiM 
^ng  under  them  for  all  liability  on  aooount  of  any  patent  rights  granted  by  the 
United  States  which  may  affect  the  cartridges  herein  contracted  for. 

And  the  said  United  States  do  hereby  contract  and  engage  with  the  said  partv  of 
the  first  part  as  follows :  That  for  the  cartridges  herein  contracted  for  which  shall  be 
^elivered,  inspeet-ed,  and  approved  as  aforesaid,  there  shall  be  paid  by  the  United 
States,  in  the  funds  which  tne  Treasury  Department  may  provide  to  the  said  com- 
pany, the  covenantor,  on  bills  in  triplicate,  made  in  appro vea  form,  and  duly  authenti- 
cated by  the  proper  officers  of  the  Ordnance  Department,  the  sum  of  ^-— —  dollars  per 
wouaand. 

Signed,  sealed,  and  delivered  in  presence  of 

,  fSKAL.] 

,  [SEAL.] 

Brigadier-Oeneral^  Chirf  of  Ordnance, 
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Appendix  B. 


(Form  416.) 
INSPECTION  REPORT  OF  SMALL-ARM  AMMUNITION. 

Lowell,  Mass.,  December  18,  1879. 

Inspection  report  of  lot  No.  27,  of  10,000  rifle-ball  cartridges,  cal.  0.45,  maDiifactured 
for  the  United  States  Ordnance  Department  by  the  United  States  Cartridge  Company, 
nnder  contract  dat-ed  Augost  16,  1879. 

Inspection  record. 

Number  of  cartridji^es  in  lot,  10,000. 

Lot  presented  for  inspection  December  10,  1879. 

Lot  inspected  December  11-12,  1879. 

Lot  (returned  for  re>examlnation)  December  12,  1879. 

Lot  returned  for  reinspection  December  15, 1879. 

Lot  (accepted)  December  18,  1879. 

Inspection. 


Lot  No.  27. 


Fii  8t  i]i8i>6ction. 


Limit 


Number. 


No.  to  b«-  and-  viewed 
and  gauged 

Caaualties : 

Paaned  limits 

Bad  crimps 


Waxy  bullets 

Fold  in  head  .  

Projecting  primers. 
Loose  primers 


Total. 


No.  to  he-  and-  fired 

Casualties : 

Missed  Are 

Pieroed  or  leaky  prim- 
ers     

Loose  primers 

Case  leaked  back 

Burat  or  split 

Failed  to  extract 

Initial  velocity 

Initial  velocity,  highest 
Initial  velocity,  lowost. . 
M.  A.  D.,  ®  500  yards. . 

• 


200 

2 
1 

2 

»  B   ■  ■     I 

1 
1 


25 


2 

1 

2 

1 

1 
1325  1319 

I 
1350   1325 
1300   1316 
0.92   1.16 


200 
3... 


1 
4 


o 
t 

I 


§  S 


I 'I  III 


25 


I 


a 


I 


Remarks. 


1  scratched  case. 

2  long  bodies. 


Condition  of  flr- 
ing-pln  good. 


Small  heads. 
Average  of 
shots. 


IC  shots ;  ^  =  ele- 
vation for  475 
yds ;  fixed  rest. 


Beinapection. 


Limit 


400 

2 
1 


1 
1 

Total. 


Number. 


400 


50 


2 
1 
2 
1 
1 
1325 

1350 
1300 


I 
I 


50 

»  «  •  • 

1 

1 


1320. 

1326 
1318 


i 
s  «  . 

all  s;l 


Remarks. 


No  defecte. 


Condition  of  fir- 
ing-pin good. 


Average  of  10 
shots. 


—  shots;  ^ 


Remarks. 

The  occnrrence  of  the  long  bodies  and  small  heads,  preventable  by  a  oarefnl  pre- 
liminary inspection,  compel  me  to  return  this  lot  for  re-examination.      A.  B.,  Dec.  12. 
*  Lot  accepted  on  reinspection.  A.  B.,  Dec.  18. 

*NoTK. — Reinspection  report  made  out  soparatelv  on  right-hand  side  for  Chief  ot  Ordnance.    For 
inspector  and  contractor,  first  inspection  report  recalled  and  completed. 
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I  certify  that  the  above  inspection-report  is  in  all  respects  correct,  and  that  the 
paper  and  wooden  boxes  in  which  the  cartridges  are  packed  are  equal  to  samples  far- 
niahed. 

A.  B., 

Sub-Inspector, 
Approved,  and  respectfully  forwarded  to  the  Chief  of  Ordnance,  December  20,  1879. 

C.  D., 
Lieut,  of  OrdnanoCf  Inspteior. 


Appendix  0. 
List  of  usrful  ariiclea, 

1  gatling  gun,  5  barrel,  short,  with  tripod  and  implements  complete  (or  other  ma- 
chine gun),  10  feed  cases.  • 

2  standard  Springfield  rifles,  with  connterbore  space  about  0''.075,  mouth  of  cham- 
ber about  0''.506,  projection  of  firing-pin  between  O^'.O?  and  O^'.OSCl  rifle  as  a  reserve). 

1  maximum  Springfield  rifle,  with  coanterbore  Gpace  about  0''.085,  mouth  of  cham- 
ber about  O^'.SIO,  projection  of  firing-pin  between  0".07  and  0".05. 

1  minimum  Spnngheld  rifle,  with  above  dimensions  as  close  to  minlmnm  gauge  as 
]K>e8ible,  except  firing-pin,  which  should  project  to  maximum  distance. 

1  Hotchkiss  magazine  rifle,  or  other  magazine  rifle. 
12  spare  firing-pins. 

2  spare  rifle  stocks.    (They  are  apt  to  break  in  firing  for  velocity  from  a  fixed  rest.) 

1  Le  Boulong^  chronograph  complete  with  batteries  (Bunsen)  targets,  per  report. 
500  feet  No.  16  copper  wire. 

2  lb8.  braided  office  wire,  abont  No.  20. 
2  lbs.  No.  30  or  32  copper  wire. 

2  doz.  connecting  cups. 

1  lb.  double-pointed  tacks. 

1  telephone  complete. 

1  cartridge  gauging  machine,  with  combination  dies. 

1  set  of  gauges,  per  report,  and  test  plugs. 

1  set  of  nange  gauges  (dummies)  for  testing  ganging  machine. 

1  set  of  same  for  testing  Gatling  gun  connterbore  space. 

1  33-inch  tnbe  for  testing  ballets. 

1  set  button  gauges  for  measuring  ooonterbores. 

1  vernier  scale. 

1  balance,  to  weich  2  or  3  oz.,  sensitive  to  O'M  gr. 

1  galvanometer.    Fire-alarm  will  do. 

1  set  of  standard  reloading  tools. 

1  chest  or  closet  with  special  Yale  look. 

1  inspecting  seal. 
10  work-boxes. 

2  work-trays. 

1  inspection  joamal. 

Blank  report,  certifioates  of  inspection,  brashes,  chamois  skins,  alcohol,  &q 
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APPBlfDIX  20. 

CAPTAIN  BUTTON'S  REPORT  ON  THE  GEOLOGT  OP  THE  HIGH  PLATEAUS 

OF  UTAH. 

The  Chief  of  Ordnance  desires  to  bring  to  the  notice  of  the  officers 
of  the  Ordnance  Department  the  verdict  of  scientific  opinion  upon  the 
recent  work  of  Gapt.  G.  E.  Dntton,  of  the  Ordnance  Department,  enti- 
tled The  Cryology  of  the  High  Plateaus  of  Utah.  For  this  purpose  he 
causes  to  be  printed  herewith  two  reviews,  selected  from  the  principal  sci- 
entific journals  of  America  and  England.  The  Urst  is  from  the  Ameri- 
can Journal  of  Science,  July,  1880,  and  is  written  by  Prof.  James  D. 
Daua,  of  New  Haven.  The  second  is  from  the  English  journal  Nature, 
of  August  5, 1880,  and  is  written  by  Prof.  Archibald  G-eikie,  E.  B.  S., 
director  of  the  G^logical  Survey  of  Scotland. 

S.  V.  BENfiT, 
Brigadier-Oeneralj  Chief  of  Ordnance. 

(From  the  Amerioan  Jonmal  of  Soienee,  July,  1880.) 
THE  HIGH  PLATEAUS  OP  UTAH.* 

The  region  which  is  the  subject  of  this  report  is  one  of  unexcelled 
grandeur  in  the  extent  of  its  mountain  plateaus,  in  its  Himple  system  of 
geological  structure  and  displacements,  and  in  the  magnitude  and  divers- 
ity of  the  effects  of  erosion,  and  Captain  Dutton,  in  his  account  of  it, 
shows  that  he  is  capable  of  appreciating  and  discussing  the  geological 
problems  which  it  presents. 

The  High  Plateaus,  as  the  report  states,  occupy  a  large  part  of  the 
southern  half  of  Utah,  commencing  on  the  north  at  a  point  in  the  Wah- 
Batch  range  about  15  miles  east  of  Mount  Nebo,  and  having  a  length  of 
about  175  miles,  with  a  breadth  of  25  to  80  miles.  The  region  is  divided 
by  two  profound,  nearly  north  and  south  valleys;  a  western,  along  the 
Sevier  Eiver,  which  here  flows  north  to  the  westward  bend  that  takes  it 
to  Sevier  Lake,  ^^a  wretched  salinaof  the  Great  Basin;"  and  an  eastern, 
called  Grass  Valley,  along  two  tributaries  of  the  Sevier,  a  northern  and 
southern,  which  combine  to  make  the  ^^  East  Fork  of  this  river.''  On  the 
west  of  the  Sevier  Valley  three  plateaus  are  distinguished,  namely,  com- 
mencing to  the  north:  The  Pavant,  ^' a  curious  admixture  of  plateau  and 
sierra;''  the  Tushar,  ^^its  northern  half  a  wild,  bristling  cordillera,  its 
southern  conspicuously  tabular;"  and  the  Mark4gunt,  ^'  a  true  plateau," 
about  11,000  feet  in  height.  Between  the  Sevier  and  Grass  valleys  there 
are  two  plateaus — the  Sevier,  80  miles  long,  cut  through  near  its  middle 
by  the  east  and  west  gorge  of  the  East  Fork ;  and  south  of  this  the 
Panns^nnt  Plateau,  ^<  bounded  on  three  sides  by  lofty  battlements  of 
marvelous  sculpture  and  glowing  color."  East  of  Grass  Valley,  and  its 
line  to  the  south  (along  which  commences  the  Paria  Eiver),  three  pla- 

*Rtport  on  the  Gwlogy  of  ike  Bigh  Plateaus  of  Utah,  with  Atlas ;  by  C.  E.  Datton, 
C^iptain  of  Ordnance,  U.  S.  A.,  U.  S.  Geographical  and  Geological  Survev  of  the 
Kooky  Mountain  Region,  J.  W.Powell  in  charge:  Department  of  the  Interior.  307 
pp.,  4to,  with  11  heliotype  plates  and  a  folio  atlas.    Washington,  18ti0. 
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teaus  are  distinguished :  the  Wahsatch.  extending  somewhat  farther 
north  than  the  Pavant  (to  the  parallel  or  40°),  where  it  joins,  in  un  en 
iclielon  way,  the  Wahsatch  range  proper*;  the  Fish  Lake  Plateau,  east 
of  Fish  Lake,  but  15  miles  long,  yet  11,400  feet  high:  the  Awapa  Pla- 
teau, which  almost  blends  with  the  preceding  but  is  or  less  altitude,  and 
is  30  miles  long  by  20  in  breadth,  its  top  a  treeless  rolling  prairie,  sloping 
feebly  to  the  eastward ;  and  the  Aquarius,  11,600  feet  high  in  its  eastern 
part,  35  miles  in  length  by  10  to  18  in  breadth,  the  grandest  of  all  the 
High  Plateaus,  its  "three  sides — the  south,  west,  and  east — ^walled  by 
dark  battlements  of  volcanic  rock,''  and  descending  to  "the  dismal  desert 
in  the  heart  oi  the  plateau  country,"  while  its  broad  summit  is  clad  with 
forests  of  spruce,  and  has  its  grassy  parks  and  scores  of  snow-fed  lakes. 
The  wonderful  contrast  between  the  desert  country  below  to  the  south 
and  southeast,  "dismal  and  suggestive  of  the  terrible."  and  the  forest 
covered  summit  of  the  Aquarius  Plateau,  has  mucn  meteorologicaj 
interest  as  regards  the  whole  mountain  region,  and  we  cite  a  paragraph 
from  page  285  of  the  report: 

The  ascent  leads  us  among  rugged  biUs,  almost  mountainous  in  size,  stre'wn  with 
hlack  bowlders,  along  precipitous  ledges,  and  b^  the  sides  of  cafions.  Lonff  detours 
must  be  made  to  escape  tbe  chasms  and  to  avoid  the  taluses  of  fallen  blocks ;  deep 
ravines  must  be  crossed,  projecting  crags  doubled,  and  lofty  battlements  scaled  before 
the  summit  is  reached,  when  the  broad  platform  is  gained  the  story  of  "Jack  and 
the  Beanstalk,''  the  finding  of-  a  strange  and  beautiful  country  somewhere  up  in  the 
region  of  the  clouds,  no  longer  seems  incongruous.  Yesterday  we  were  toiling  over  a 
burning  soil,  where  nothing  grows  save  the  ashy-colored  sage,  the  prickly  pear,  and 
a  few  cedars  that  writhe  and  contort  their  stunted  limbs  under  a  scorching  sun.  To- 
day we  are  among  forests  of  rare  beauty  and  luxuriance;  the  air  is  moist  and  cool,  the 
grasses  are  g^en  and  rank,  and  hosts  of  flowers  deck  the  turf  like  the  hues  of  a  Persian 
carpet.  The  forest  opens  in  wide  parks  and  winding  avenues,  which  the  fancy  can 
easily  people  with  fays  and  woodland  nymphs.  On  either  side  the  sylvan  walls  look 
impenetrable,  and  for  the  most  part  so  thickly  is  the  ground  strewn  with  fallen  trees 
that  any  attempt  to  enter  is  as  serious  a  matter  as  forcing  an  ahaiiU,  The  tall  spruces 
{Abie8  aubalpina)  stand  so  close  toj|[ether  that  even  if  the  dead  wood  were  not  there  a 
passage  would  be  almost  impossible.  Their  slender  trunks,  as  straight  as  lances, 
reach  upward  a  hundred  feet,  ending  in  barbed  points,  and  the  contours  of  the  foliage 
are  as  symmetrical  and  uniform  as  if  every  tree  nad  been  clipped  for  a  lordly  garden. 
They  are  too  prim  and  monotonous  for  a  high  type  of  beauty;  but  not  so  the  Ensel- 
mann  spruces  and  great  mountain  firs  {A.  engelmannif  A.  grandi8)f  which  are  delignt- 
fully  varied,  graceful  in  form,  and  rich  in  foliace.  Rarely  are  these  species  found  in 
such  luxuriance  and  so  variaole  in  habit.  In  places  where  they  are  much  exposed  to 
the  keen  blasts  of  this  altitude  they  do  not  grow  into  tall  majestic  spires,  but  cowet 
into  the  form  of  large  bushes,  with  their  branohlets  thatched  tightly  together  like  a 
great  hay-rick. 

This  meteorological  contrast,  as  the  anthor  remarks,  is  explained  by 
the  fact  that  the  summit  receives  not  far  from  30  inches  of  rain  a  year, 
because  so  high  among  the  clouds,  while  the  low  country  around  has 
but  4  to  8  inches. 

The  southern  boundary  of  these  high  plateaus  is  near  the  southern 
boundary  of  Utah,  the  parallel  of  37°.  Bej'^ond,  lies  the  plateau  coun- 
try described  by  Powell,  the  region  of  the  Shiwits,  Uinkaret,  Kanab, 
Kabiab,  and  Paria  plateaus,  on  the  north  side  of  the  ^^  Grand  Canon"  of 
the  Colorado,  which  here  extends  nearly  east  and  west  between  the 
parallels  of  36©  and  36©  3(K,  and  of  "  Marble  Canon,"  "  Kanab  Caiion," 
**  Hurricane  Cliffs,"  "Echo  Cliffs,"  and  other  remarkable  features  • 

The  Henry  Mountains,  described  by  G.  K.  Gilbert,  stand  30  miles  to 
the  east  of  the  Aquarius  Plateau. 

In  the  geological  account  of  these  plateaus  the  author  treats  of  the 
geological  formations,  the  positions  and  disturbances  of  the  strata,  and 

*  See  Powell's  Report  on  the  Uintah  Mountains;  also  this  Journal,  III,  xii,  420,  and 
Dana's  Manual  of  Geology,  edition  of  1880,  page  792. 


EEPOET  OP  THE  CHIEF  OF  ORDNANCE.         175 

the  bearing  of  the  facts  on  questions  connected  ^ith  mountain-making^ 
the  distribation  and  character  of  the  igneous  rocks,  the  nature  and  ori- 
gin of  volcanic  action,  and  the  results,  methods,  ana  periods  of  erosion. 

The  distribution  of  the  formations  is  exhibited  on  a  large  colored 
chart.  They  include  the  CarhoniferoMs^  making  the  summit  and  western 
side  of  the  Pavant  or  northwestern  plateaus :  the  TriassiCy  in  Western 
Utah,  at  the  eastern  base  of  the  Awapa  and  Aquarius  plateaus,  and 
mih.  it  the  JurassiOj  and  the  latter  also  outcropping  in  narrow  strips  in 
the  Sevier  Biver  Valley;  the  Cretaceous  (with  which  the  Laramie  orJLig- 
nitic  group  is  united  by  Captain  Dutton),  bordering  the  plateaus,  and 
rising, -in  several  of  them,  nearly  to  the  summit;  the  Eocene  tertiary ^ 
constituting  part  of  the  slopes  on  the  north,  south,  and  east  of  the 
plateaus,  and  making  the  summit  fonuation  of  the  Wahsatch  Plateau 
on  the  north  of  small  portions  of  the  Fish  Lake  and  Tushar  plateaus, 
and  of  a  large  part  of  the  Markdgunt  Plateau  in  the  southwest.  Going 
from  the  southern  plateaus  southward  to  the  Colorado,  a  wide  area  of 
Eocene  tertiary  is  first  passed;  then  bands,  in  succession,  of  Cretaceous, 
Jurassic,  Upper  Trias,  Lower  Trias  (Shinarump  group),  and  Carbonif- 
erous. 

The  youngest  group  in  the  series  clearly  made  out  (the  Quaternary 
excluded)  is  thus  the  Eocene;  and  it  would  be  the  summit  formation 
generally  were  it  not  for  the  erosion  that  has  taken  place,  and  still  more 
for  the  covering  of  igneous  rocks.  These  Eocene  beds  are  part  of  an 
extended  lacustrine  formation — as  first  recognized  by  Marsh.  They  are 
described  as  5,000  feet  thick  around  the  flanks  of  the  Uintas  and  south- 
ern Wahsatch,  and  as  thinning  outward  from  these  mountains  to  nearly 
or  quite  2,000  feet 

The  volcanic  rocks  are  spread  over  the  summits  of  the  Aquarius, 
Awapa,  and  Fish  Lake  plateaus  on  the  east,  the  great  central  Sevier 
Plateau  and  the  Tushar  and  Markdgunt  plateaus  on  the  west ;  and  they 
have  a  thickness  in  some  parts  of  4,000  or  more  feet.  The  rocks  are 
chiefly  trachytes,  with  some  andesite,  propylite,  and  dolerite:  and  the 
trachytes  are  described  as  intermediate  in  age  between  the  andesite  and 
propylite,  which  are  the  oldest,  and  the  dolerites,  but  as  in  alternating 
beds  in  some  places  with  the  last.  In  the  Awapa  and  Aquarius  plateaus 
the  trachyte  shows  a  thickness  in  some  of  the  profound  gorges  of  3,000 
feet.  The  volcanic  eruptions  are  stated  to  have  begun  in  the  Middle 
Eocene,  and  a  few  of  the  foci  are  still  distinguishable.  The  basaltic 
eruptions  in  some  places  look,  ^^so  far  as  appearance  is  concerned,"  as  if 
they  ^' might  have  been  erupted  less  than  a  century  ago."  Besides  the 
eruptive  beds,  volcanic  conglomerates  are  widely  distributed,  they  cov- 
ering an  area  of  2,000  square  miles,  and  being  in  some  parts  2,500  feet 
thick.  Jn  some  places  they  have  been  so  changed  as  to  lose  their  frag- 
mental  character,  and  become  in  appearance  closely  like  true  eruptive 
rocks  (a  fact  which  has  been  observed  also  in  the  Andes  and  Mexico). 
But  they  fail,  says  Captain  Dutton,  of  the  fluidal  character  and  glass 
inclusions  of  the  latter.  For  the  author's  discussions  with  regard  to  the 
volcanic  rock  and  volcanic  action  and  it«  causes,  the  reader  is  referred 
to  \h%  report. 

The  disturbances  in  the  plateau  region  have  resulted  in  a  general  up- 
lifting, and  also  in  monochnal  flexures,  and  in  fractures  and  faults;  and 
the  faults  are  mostly  in  the  line  of  monoclinal  uplifts,  as  brought  out 
by  Powell  in  his  description  of  the  Colorado  region  on  the  south.  The 
flexures  and  faults,  as  ts  well  illustrated  in  the  atlas,  have  approximately 
a  north-and-BOuth  course,  and  are,  in  part,  a  continuation  of  those  of  the 
Colorado  region  on  the  south.    The  <^ Hurricane  fault"  has  its  southern 
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limit  at  some  undetermined  point  in  Arizona,  Bonth  of  the  Colorado,  and 
at  its  crossing  of  the  Grand  Gaiion  it  is  the  line  of  a  displacement  of 
1,800  feet.  It  is  the  western  boundary  of  the  Mark&gunt  uplift  (the 
southwestern),  making  at  one  place  a  displacement  of  5,000  feet,  and  at 
the  southwest  base  of  the  Mark4gnnt  elevation  bringing  up  the  Carbon- 
iferous to  a  level  with  the  Tertiary,  a  displacement  of  12,000  to  13,000 
feet.  It  reaches  north  to  the  west  side  of  the  Tushar  Plateau  and  by 
the  east  side  of  the  Pavant.  Other  faults  have  less  extent,  but  there  is 
great  similarity  among  them  in  character  and  direction.  The  amount  of 
throw  is  in  general  from  a  few  hundred  to  3,000  feet.  The  time  when 
these  displacements  took  place  is  not  indicated  by  the  displaced  beds, 
for  no  beds  occur  later  than  Eocene.  Captain  Button  refers  the  prin- 
cipal displacement  to  the  Middle  Pliocene,  and  suggests,  on  the  ground 
of  fixcts  connected  with  the  erosion  of  the  region^  that  some  have  been 
formed  even  as  late  as  subsequent  to  the  Glacial  period.  These  dis- 
placements are  wholly  distinct  from  those  which  occurred  at  the  mount- 
ain-making epoch  after  the  Laramie  period,  upturning  the  Cretaceous 
and  inferior  beds,  being  a  result  of  subsequent  movements.  After  that 
epoch  a  large  part  of  the  Rocky  Mountains  was  raised  from  near  the 
ocean's  level ;  and  the  production  of  the  monoclinal  flexures,  long  lines 
of  faults,  great  volcanic  eruptions,  and  profoand  denudation  must  have 
been  dependent  more  or  less  on  this  grand  movement  or  the  causes  pro- 
ducing it. 

Captain  Button  points  out  the  contrast  between  the  simple  monocli- 
nal flexures  and  nearly  horizontal  bedding  of  the  plateau  mountain 
region,  and  the  high  dips  and  numerous  folds  of  the  Appalachians.  The 
contrast  is  not  so  striking  when  the  comparison  is  made  with  the  Cum- 
berland table  land  and  its  continuation  southwestward  into  Tennessee 
and  northward  into  Southern  New  York  and  the  Catskills,  which  are 
parts  of  the  results  of  the  Appalachian  revolution.:  and  may  it  not  be 
that  the  High  Plateaus  are  in  a  similar  way  the  denuded  outskirts  of 
the  Wahsatch,  which  afterward  became  somewhat  crumpled  and  dis- 
placed while  the  uplift  of  the  Bocky  Mountain  region  was  in  progress  ? 

The  subject  of  erosion  is  treated  ably  and  with  full  appreciation  of  the 
graudeur  and  geological  interest  of  the  results  in  this  plateau  region ; 
and  several  heliotypes  represent  some  of  the  wonderful  scenes  in  the 
mountains.  The  author  estimates  that  on  an  average  at  lea<st  6,000  feet 
of  rock  in  depth  have  been  removed  from  the  plateau  province  since  the 
erosion  began — that  is,  during  the  Miocene  and  subsequent  time — ^from 
an  area  of  10,000  square  miles.  The  erosion  was  least  in  the  High  Pla- 
teaus, the  average  being  less  than  1,000  feet,  chiefly  because  of  the  pro- 
tection they  received  from  the  covering  of  volcanic  rocks.  He  says 
(pp.  21,  22) : 

The  great  erosion  of  the  plateau  province  was  most  probably  accomplished  mainly 
in  Miocene  time,  but  continued  with  diminishing  rapidity  throughout  the  Pliocene. 
But  it  is  necessary  to  say  that  the  terms  Miocene  and  PHoceue  have  here  no  definition. 
They  cannot  be  correlated  except  in  a  very  general  manner  with  events  occurring 
outside  the  province.  We  have  only  a  vast  stretch  of  time,  with  an  initial  epoch  near 
the  close  of  the  local  Eocene.  The  greater  part  of  the  denudation  is  assigned  to  the 
Miocene,  because  the  conditions  appear  to  have  been  more  favorable  to  a  rapid  rate 
of  destruction  in  that  age  than  subsequently.  The  climate  appears  to  have  been  humid, 
while  the  elevation  was  at  the  same  time  gradually  increasing,  both  conditions  beine  fa- 
vorable to  a  rapid  disintegration  and  removal  of  the  rocks.  The  Pliocene  witnessed  the 
gradual  development  of  an  arid  climate  similar  to  that  now  prevailing  there.  To  this 
age  belong  the  cations  and  the  great  cliffs,  which  could  not  have  been  produced  in  an 
ordinary  or  humid  climate,  nor  at  low  altitudes.  That  this  aridity  is  by  no  means  a 
condition  of  recent  establishment  is  indicated  by  many  evidences.  They  consist  of  rem- 
nants of  a  former  topography  y  preserved  in  a  few  localities  from  the  general  wreck  of  the 
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land,  and  which  show  the  same  general  faciee  of  olifGs  and  ca&ons  as  those  of  more  recent 
formatioii.  And  as  the  more  recent  sculpture  owes  its  peculiarities  in  great  part  to  the 
aridity,  so  we  conclude  must  these  more  ancient  remnants.  The  Kaiparowits  Plateau 
pieeents  an  excellent  example.  Its  surface  is  in  many  places  rendered  utterly  impass- 
able by  a  plexus  of  sharp  narrow  cafions,  of  which  the  heads  have  been  cut  off  by  the 
reoession  of  the  gifantio  cliff  which  forms  the  eastern  wall  of  the  plateau.  They  have 
long  been  dug,  ana  have  remained  with  but  little  change  for  an  immense  period  of  time. 
And  now  the  relation  of  the  High  Plateaus  to  the  pukteau  province  at  large  becomes 
evident.  They  are  the  remnants  of  c^at  masses  of  Tertiary  and  Cretaceous  strata  left 
by  the  immense  denudation  of  the  plateau  province  to  the  south  and  east.  From  the 
central  part  of  the  province  the  Tertiary  beds  have  been  wholly  removed  and  nearly 
all  the  Upper  Cretaceous.  A  few  remnants  of  the  Lower  Cretaceous  stretch  far  out  into 
the  desert,  and  one  long  narrow  causeway,  rhe  Kaiparowits  Plateau,  extends  from  the 
aoutheastfrn  angle  of  the  district  of  the  High  Plateaus  far  into  the  Central  province 
and  almost  Joins  the  great  Cretaceous  mesas  of  Northeastern  Arizona,  being  severed 
from  theiu  by  the  Glen  Cafion  of  the  Colorado.  The  Juiassic  has  also  been  enormously 
eroded.  This  formation,  which  is  of  great  importance  and  bulk  in  the  northern  and 
northwestern  portion  of  the  province,  and  especially  around  the  High  Plateaus,  ap- 

Kiars  to  have  thinned  out  toward  the  south  and  southeast.  In  large  porti6ns  of  New 
exico  it  is  wholly  wanting  and  was  probably  never  deposited  there.  In  the  north- 
western portion  oi'  that  Territory  only  a  few  thin  beds  of  that  age  are  found.  But  in 
the  northern  part  of  the  province  a  conspicuous  and  wonderful  sandstone  formation 
of  most  persistent  character  is  found,  overlaid  and  underlaid  by  shales  holding  a  dis- 
tinctly Jurassic  fauna.  This  formation  once  extended  over  the  Grand  Cafion  area, 
probably  as  far  south  as  the  river  itself,  and  possibly  farther,  but  has  all  been  swept 
away  as  far  north  as  the  southern  end  of  the  <Ustriot  of  High  Plateaus.  From  the 
region  east  of  the  High  Plateaus  also  very  large  areas  of  it  have  been  removed.  The 
Upper  Trias  has  also  been  greatly  denuded,  and  the  Lower  Trias  nearly  as  much  so. 
The  erosion  of  the  Carboniferous  has  been  small,  being  confined  chiefly  to  the  cutting 
of  canons — most  notably  the  Grand  and  Marble  cafions,  which  are  sunk  wholly  in 
that  series ;  and  in  several  places  have  been  cut  through  the  entire  Palseozoio  series 
^stem. 

In  the  discnssions  with  regard  to  the  nature  of  volcanic  action  and 
the  origin  of  moantain  disturbances.  Captain  Button  rejects  the  idea  of 
the  eartli's  interior  liquidity,  and  holds  that  the  theory  of  the  earth's  con- 
traction, as  a  cause  of  movement,  is  inadf*qaate  to  account  for  the  facts. 
At  the  same  time  he  acknowledges  that,  in  his  view,  the  source  of  the 
heat  of  volcanic  action,  and  that  of  the  force  producing  the  greater  changes 
of  level  in  the  earth's  surface,  are  yet  without  satisfactory  explanation. 
In  connection  with  his  remarks  on  the  erosion  in  the  plateau  region,  he 
queries  whether  the  removal  of  6,000  to  10,000  feet  of  rock  material  over 
80  large  an  area  would  not  ^^have  disturbed  the  earth's  equilibrium  of 
figure,  and  the  earth,  behaving  as  a  quasi-plastic  body,  have  reasserted 
its  equilibrium  of  figure  by  making  good  a  great  part  of  the  loss  by  draw- 
ing upon  its  whole  mass  beneath  Y  "  He  further  says  that,  to  account  for 
the  uplifts  as  well,  we  must  almost  necessarily  refer  to  the  operations 
of  <^  that  mysterious  plutonic  force  which  seems  to  have  been  always 
at  work  and  the  operations  of  which  constitute  the  darkest  and  most 
momentous  problem  of  dynamical  geology ";  and  also  ^^  recognize  the 
cooperation  of  that  tendency,  which  indubitably  exists  within  the  earth, 
to  maintain  the  statical  equilibrium  of  its  levels."  But  to  appreciate 
lightly  the  relations  of  the  uplifts  to  the  erosion,  and  their  relative  influ- 
ence on  this  equilibrium,  we  have  to  remember  that  during  the  very 
period  of  erosion,  when  6,000  feet  in  average  depth  was  being  removed 
(that  is,  after  Eocene  time),  the  mountain  region  was  undergoing  an 
elevation  of  full  twice  6,000  feet. 

But  the  reader  should  refer  to  the  volume  for  the  author's  full  discus- 
sions on  these  and  the  other  topics,  here  briefly  reported.  The  report 
is  made  in  all  parts  very  r^bdable  by  the  author's  graphic  descriptions  of 
the  region  and  of  the  events  in  its  geological  history. 

J.  D.  D. 
12  OBD 
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[From  "  Nature,"  August  5,  1880.] 
THE  HIGH  PLATEAUS  OF  UTAH.* 

Until  a  few  years  ago  the  geography  of  the  higli  grounds  of  the  west- 
em  part  of  North  America  was  depicted,  even  on  the  best  maps,  in  a 
manner  which  now  appears  almost  like  a  caricature  of  nature.  So  much 
has  been  said  and  written  about  the  Eocky  Mountains  that  the  popular 
imagination  was  wont  to  picture  them  as  a  colossal,  rugged,  and  almost 
impassable  range,  extending  continuously  down  the  backbone  of  the 
continent,  and  serving  generally  as  the  watershed  beween  the  Atlantic 
and  Pacinc  oceans.  The  progi^ess  of  research,  however,  dissipated  this 
delusion  by  showing  that  instead  of  one  continuous  chain  of  mountains, 
a  vast  area  of  country,  extending  from  the  British  Possessions  far  down 
into  the  Southern  States,  has  been  upraised  into  elevated  plains  of  table- 
lands, and  that  these  at  various  distances  have  been  ridged  up  by  len- 
ticular mountain-chains,  sometimes  parallel,  sometimes  en  ichelouj  and 
tending  generally  in  a  meridional  direction.  The  term  ^<  Eocky  Mount- 
ains "  is  now  commonly  restricted  to  the  most  easterly  line  of  mountains 
which,  serves  as  a  divide  or  water-parting  between  the  Atlantic  slope 
and  the  regions  lying  to  the  west.  But  though  the  traditional  glories 
of  the  Bocky  Mountains  have  thus  been  dimmed,  and  though  the  most 
enthusiastic  traveler  through  their  still  little  known  solitudes  must  in 
fairness  admit  that  they  cannot  boast  among  their  innumerable  ranges, 
hitherto  visited  and  described,  one  which  for  variety  and  majesty  of 
outline  can  be  named  with  the  Bernese  Oberland,yet  this  merely  nominal 
degradation  is  more  than  compensated  by  the  discovery  that  these  west- 
em  territories  contain  a  type  oi  high  ground  to  which  there  is  probably 
no  adequate  parallel  elsewhere  on  the  face  of  the  globe — a  type  so  strange 
and  overwhelming  in  its  first  aspect,  so  weird  and  almost  incredible  in 
its  history,  that  the  ordinary  language  of  scenic  description  fails  to  con- 
vey the  impression  which  the  overawed  beholder  wishes  to  produce,  and 
he  finds  himself  obliged  to  borrow  a  new  vocabulary,  yet  even  with  its 
aid  is  conscious  that  his  narrative,  exaggerated  as  it  may  seem,  falls  in- 
finitely short  of  doing  justice  to  the  marvels  he  has  seen. 

To  the  portion  of  this  region  which,  bounded  by  the  Colorado  Park 
Mountains  on  the  east  and  by  the  ranges  which  border  the  Great  Basin 
on  the  west,  stretches  from  Southern  Wyoming  far  into  !N"ew  Mexico 
and  Arizona,  the  name  of  the  plateau  country  has  been  given.  It  is  drained 
mainly  by  the  Colorado  River  and  itstributaries.  Its  surface  atlower  levels 
than  7,000  feet  above  the  sea  is  a  blazing  desert,  bright  with  strange  mine- 
ral colors,  glaring  red,  livid  puri)le,  verdigris  green,  toned  white,  and 
ashy  gray.  On  these  plains  hardly  any  vegetation  grows.  Not  a  solitary 
tree,  save  here  and  there  a  gnarled  cedar,  affords  a  scanty  shade,  and 
little  but  stunted  sage-brush  or  prickly  cactus  in  scattered  tufts  varied 
the  eternal  mouotony  of  the  burning  soil.  It  is  a  region  of  perpetual 
drought,  for  the  springs  are  believed  not  to  average  one  in  a  thousand 
square  miles.  Yet  the  land  is  traversed  by  a  network  of  rivers,  which, 
however,  wind  along  in  profound  chasms,  to  be  crossed  only  by  the  birds 
of  the  air.  So  deep  and  somber  are  many  of  these  gorges  (that  of  the 
Colorado  being  iu  some  places  more  than  a  mile  deep)  that  the  very 
sound  of  their  running  waters  never  reaches  the  level  of  the  plateau 
above.    Only  a  dim  daylight  reaches  the  bottom,  and  the  stars  are  said 

""  '*  Report  on  the  Geology  of  the  High  Plateaas  of  Utah,"  with  Atlas;  hy  Capt.  C. 
E.  Diittou,  IJ.  S.  A.,  Geographical  and  Geological  Survey  of  the  TerritorieB,  J.  W. 
Powell  in  charge.    (Washington,  1880.) 
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to  be  risible  in  certain  narrow  gorges  at  midday.  But  where  the  level 
of  the  platean  rises  high  enough  to  condense  some  of  the  moisture  which 
the  air-cnrrents  carry  across  it,  the  verdnreless  aspect  of  the  lower  plains 
is  replaced  by  luxuriant  forests  and  open  glades  carpeted  with  rich 
grass  and  wild  flowers.  So  colossaK  however,  are  the  table-lands  that 
some  of  them  slope  gradually  out  of  the  range  of  tree-growth  to  a  height 
of  from  11,000  to  12,000  feet  above  the  sea,  and  almost  lie  within  the  limit 
of  perpetual  snow. 

So  far  as  yet  known,  the  plateau  country  reaches  the  fullest  develop- 
ment of  its  extraordinary  features  in  the  southern  portions  of  the  Terri- 
tory of  Utah.  This  region  was  partially  explored  by  Professor  Powell 
during  his  surveys  from  1869  to  1874,  and  by  the  parties  under  Captain 
Wheeler,  esx)ecially  by  Mr.  Howell  and  Mr.  Gilbert,  whose  published  re- 
ports form  a  valuable  portion  of  the  third  volume  of  the  ^^Geographical 
and  Geological  Explorations  west  of  the  one  hundreth  meridian,"  con- 
ducted by  Oaptain  Wheeler.  In  1875  Mr.  Powell  secured  the  services  of 
Captain  Dutton  for  the  investigation  of  a  large  volcanic  tract  among  the 
Utah  plateaus,  as  part  of  the  survey  under  his  direction.  Oaptain  Dut- 
ton spent  the  seasons  of  1875, 1876,  and  1877  at  the  task  assigned  him. 
We  have  now  the  result  of  this  labor  in  the  handsome  quarto  volume 
and  beautiful  atlas  which  has  just  appeared.  This  publication  is  un- 
doubtedly one  of  the  very  best  of  the  many  admirable  contributions  to 
geology  which  have  recently  been  made  by  the  official  surveys  of  the 
UnitM  States.  With  the  aid  of  the  letter-press,  maps,  and  sections,  any 
geological  reader  can  follow  and  realize  to  himself  the  almost  incredible 
magnificence,  as  well  as  simplicity,  of  the  structures  of  these  high  pla- 
teaus. 

The  geology  of  the  area  may  be  briefly  described  as  presenting  a  suc- 
cession of  nearly  horizontal  sedimentary  formations,  from  the  Upper 
Carboniferous  up  to  the  Eocene  lacustrine  deposits  of  the  West,  thrown 
into  a  succession  of  broad  folds,  cut  into  segments  by  a  series  of  impor- 
tant faults,  and  overlaid  toward  the  north  by  vast  sheets  of  volcanic 
ejections^  the  whole  of  the  rocks  aqueous  and  igneous,  having  been 
carved  into  valleys,  gorges,  escarpments,  outliers,  and  isolated  plateaus 
of  the  most  imposing  magnitude. 

From  the  Carboniferous  up  to  the  top  of  the  Cretaceous  series  there 
does  not  appear  to  be  any  general  physical  break  in  the  continuity  of 
the  stratiflcation.  The  Carboniferous  rocks  are  only  partially  exposed, 
but  the  overlying  beds — ^the  singular  deep  purple,  chocolate,  slate,  ana 
brownish-red  Shinarump  group — attain  a  greater  development,  exhibit- 
ing their  peculiar  regularity  of  sedimentation  and  their  sculptured  ter- 
races and  outliers.  These  characteristic  strata  have  been  classed  as 
Permian  or  Lower  Triassic,  but  the  researches  of  last  year  have,  we 
believe,  brought  to  light  fossils  which  point  unmistakably  to  their  Per- 
mian age.  An  occasional  want  of  conformability  is  observed  between 
them  and  the  overlying  Trias,  but  as  a  rule  the  latter  follow  without 
discordance  and  rise  into  the  succession  of  bright  red  and  orange  sand- 
stones and  shales  which  constitute  the  great  cl&'-forming  series  through- 
out the  plateau  country.  A  geologist  accustomed  to  the  scenery  of  the 
"New  Red"  plains  of  Central  England  may  And  it  hard  to  believe  that 
the  Trias  of  Western  America  forms  ranges  of  vermilion-colored  clifEs 
1,00d  or  1,500  feet  high,  projecting  in  vast  promontories,  retiring  into 
deep  bays,  and  stretehing  with  the  same  brightness  of  color  and  the 
^me  regularity  of  front  for  hundreds  of  miles.  No  very  satisfactory 
line  has  yet  been  drawn  between  the  Trias  and  the  Jura.  The  latter 
series  consists,  in  the  plateau  country,  of  two  members,  the  lower  being 
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a  massive  gray  or  white  sandstoae  of  great  thickness,  the  upper  a  series 
.of  calcareous  and  gypsiferous  shales,  from  200  to  400  feet  thick.  This 
sandstone,  according  to  Captain  Dutton,  was  laid  down  over  an  area 
which  cannot  fiall  mach  short  of  35,000  square  miles,  with  an  average 
thickness  of  more  than  1,000  feet.  Tet  so  persistent  were  the  conditions 
of  its  deposit  that  from  bottom  to  top,  sometimes  through  a  depth  of 
nearly  2,000  feet,  it  everywhere  consists  of  intricately  Mse-bedded  sand- 
stone, without  layers  or  partings  of  shaly  or  other  heterogeneous  matter. 
I^m  the  Upper  Jurassic  calcareous  beds  distinctive  fossils  have  been 
obtained. 

The  Cretaceous  system  presents  here  the  usual  massive  development  of 
aandstones  and  shales  which  form  so  prominent  a  feature  in  the  geology 
of  the  West.  The  Lower  Cretaceous  Dakota  group  is  recognized  by  its 
lithological  resemblance  to  the  corresponding  beds  in  Colorado  and  else- 
where, and  by  the  occurrence  of  species  of  Ostrea^  Oryphcdaj  Exogyra^  Pli- 
eatuUiy  &c.  The  overlying  shales  are  identified  with  the  Laramie  group, 
which  the  author  places  as  Upper  Cretaceous.  The  whole  of  the  Creta- 
ceous series  is  more  or  less  lignitiferous,  a  considerable  number  of  work- 
able coal-seams  in  it  being  already  known.  At  the  close  of  the  deposition 
of  the  Laramie  group  the  first  important  break  in  the  succession  of  the 
rocks  occurs.  Extensive  disturbance  took  place  along  the  old  Mesozoic 
shore-line  which  now  bounds  the  Great  Basin  on  the  east,  and  this  was 
accompanied  and  followed  by  such  enormous  denudation  that  the  Creta- 
ceous series,  several  thousand  feet  in  thickness,  was  entirely  removed 
and  the  oldest  Tertiary  strata  accumulated  on  the  exposed  suriace  of 
Jurassic  beds.  Yet  so  local  were  these  movements  that  in  adjacent 
tracts  the  whole  Cretaceous  series  of  the  region  is  present,  and  appears 
to  be  followed  without  interruption  by  a  conformable  suite  of  Eocene 
strata. 

The  geographical  changes  that  closed  the  Cretaceous  period  in  tiie 
West  were  among  the  most  important  in  the  evolution  of  the  American 
continent.  Over  many  thousand  square  miles  the  floor  of  the  sea  was 
raised  into  land  which  has  never  since  been  again  submerged.  The 
lacustrine  conditions  which  began  in  Cretaceous  times  now  received  a 
far  greater  development.  The  waters  of  the  ocean,  inclosed  into  inland 
seas,  from  brackish  became  fresh,  and  one  or  more  lakes,  of  perhaps 
even  greater  dimensions  than  those  of  Eastern  America,  stretched  be- 
tween the  heights  of  the  Great  Basin  and  the  Bocky  Mountains  for  as 
yet  an  unknown  distance  to  the  south.  The  history  of  these  lakes  has 
been  studie<l  by  Hayden,  King,  Powell,  and  other  geologists,  and  then* 
marvelously  rich  ichthyic,  reptilian,  and  mammalian  &,una  has  been 
described  by  Leidy,  Marsh,  and  Cope.  Much  remains  to  be  done  before 
the  history  can  be  regarded  as  even  approximately  filled  in.  In  the 
meanwhile  it  is  certain  that  this  lacustrine  area  was  undergoing  slow 
subsidence  during  Eocene  time,  that  sediment  was  being  continually 
washed  into  it  from  adjoining  mountains,  that  eventually  5,000  feet  or 
more  of  strata  were  laid  down  over  its  site,  and  that  the  area  of  fresh 
water  progressively  diminished. 

A  new  chapter  in  this  eventful  history  is  revealed  by  Captain  Button. 
He  tells  how  in  Southern  Utah  the  lake,  even  as  far  back  as  the  time  of 
the  Middle  Eocene,  was  the  theater  of  volcanic  discharges,  and  how 
these,  after  vast  intervals  of  quiescence  and  almost  incredible  denuda- 
tion, have  been  from  time  to  time  renewed  down  even  to  a  ])eriod  so  recent 
that  it  can  hardly  he  believed  to  date  so  far  back  as  the  days  of  Cortez  and 
the  Spanish  conquest.  He  shows  that  this  volcanic  district  discloses  a 
remarkable  variety  of  phenomena,  nearly  every  form  of  eruption  being 
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exhibited  and  every  great  gronp  of  volcanic  rocks  being  represented  in 
it  The  earliest  volcanic  rocks  are  tuffs,  which  he  regards  as  probably 
derived  in  chief  measure  from  the  degradation  of  older  lavas  and  the 
deposit  of  the  resulting  sediment  on  the  floor  of  the  lake.  The  next 
phase  of  volcanic  activity  was  marked  by  the  outpouring  of  masses  of 
propylite  and  hornblende  andesite,  and  was  succeeded  by  the  third  and 
grandest  of  all,  when  floods  of  trachytes  and  rhyolites,  altemating  with 
augitic  andesites  and  dolerites,  rolled  far  and  wide  over  the  plateaus. 
The  author  is  doubtful  whether  these  extravasations  proceeded  from 
uSitna-like  summits  or  craters,  and  is  rather  inclined  to  look  upon  the 
larger  deluges  as  having  issued  from  local  fissures.  Certainly  if  any 
true  lofty  volcanic  cones  existed,  all  external  trace  of  them  has  been 
completely  effaced  by  denudation.  The  closing  event  in  this  long  vol- 
canic period,  if  indeed  the  record  can  be  properly  regarded  as  even  yet 
closed,  consisted  in  the  emission  of  abundant  streams  of  lava  round  the 
larger  areas  of  previous  activity.  Captain  Button  notices  some  remark- 
able examples  of  a  feature  which  occurs  on  a  much  smaller  scale  in  the 
volcanic  region  of  the  Bhine  and  Moselle.  The  basalt  cones  and  craters 
whence  the  streams  have  emanated  seldom  appear  at  the  base  of  the 
great  cliffs  or  at  the  bottoms  of  the  deep  canons.  They  are  often 
crowded  together  near  the  crests  of  the  terrace  walls,  or  the  lava  has 
broken  out  from  the  face  of  a  wall.  They  commonly  lie  near  lines  of 
fault,  yet  appear  almost  always  on  the  uplifted  instead  of  the  depressed 
side  of  the  ^location.  ^^The  least  common  place  for  a  basaltic  crater 
is  at  the  base  of  a  cliff."  Among  the  volcanic  masses  special  attention 
is  given  to  the  enormous  accumulations  of  conglomerate  and  tuff,  which 
cover  nearly  2,000  square  miles  of  area  and  range  from  a  few  hundred 
to  nearly  2,500  feet  in  thickness.  These  vast  piles  of  coarse  detritus 
the  author  attributes  to  the  atmospheric  disintegration  of  previously 
erupted  lavas,  and  he  describes  in  detail  the  process  by  which  similar 
conglomerates  are  at  the  present  moment  being  formed  by  frost,  rain, 
and  mountain  torrents.  The  highly  important  observation  was  made 
by  him  among  the  older  tuffs  that  in  some  places  they  have  been  so  meta- 
morphosed that  the  product  of  alteration  is  a  rock  possessing  all  the 
ordinary  characters  of  a  lava. 

The  chronological  sequence  of  volcanic  rocks  among  the  plateaus  of 
Utah  has  been  recognized  as  obeying  generally  the  order  annunciated 
by  Bichthofen.  Captain  Button;  starting  from  this  observed  sequence, 
devotes  two  long  chapters  to  theoretical  discussion — one  on  the  classifi- 
cation, the  other  on  the  origin,  of  volcanic  rocks.  To  his  work  in  the 
field  he  has  added  careful  labor  indoors,  especially  studying  the  micro- 
scopical and  chemical  characters  of  volcanic  rocks.  No  one  can  read 
his  pages  without  recognizing  their  suggestiveness,  even  though  the 
conclusions  reached  in  them  may  sometimes  appear  doubtfully  valid. 
His  remarks  upon  the  texture  of  volcanic  rocks  (pp.  91-99)  ofter  an  ex- 
cellent sample  of  his  critical  treatment.  Pointing  out  how  different  may 
be  the  texture  assumed  by  the  same  original  magma  according  to 
whether  the  mass  has  cooled  and  consolidated  at  the  surface  or  beneath 
it,  he  is  di8i)osed  to  regard  the  intrusive  condition  as  a  kind  of  inter- 
mediate stage  between  volcanic  rocks  which  have  issued  above  ground 
and  non-eruptive  masses  which  have  remained  inactive  deep  beneath  it, 
and  he  regards  the  porphyritic  texture  as  especially  characteristic  of 
his  ^^  qualified  eruption.''  This  generalization  is  only  partially  supported 
by  the  volcanic  history  of  Britain.  Among  our  older  palseozoic  rocks, 
indeed,  the  intrusive  or  injected  masses  very  generally  possess  the  por- 
phyritic structure.    3ut  from  the  time  of  the  lower  old  red  sandstone 
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onward  to  the  Miocene  volcanic  period,  inclnsive,  the  intrusive  sheets 
are  for  the  most  part  non-porphyritic,  while  the  porphyritic  stracture 
is  found  among  the  superficial  lavas.  The  classification  our  author 
proposes  is  as  follows : 

Acid  Series — Group  I.  Rhyolites. 

Sub-group  1.  Xevadite,  or  granitoid  rhyolite. 

2.  Liparite,  or  porphyritic  rhyolite. 

3.  Ehyolite  proper,  or  hyaline  rhyolite. 

Sub-acid  Series— Group  II#  Trachytes. 

Sub-group  A.  Sanidine  trachytes. 

1.  Granitoid  trachyte. 

2.  Porphyritic  trajchyte. 

3.  Argilloid  trachyte. 

4.  Hyaline  trachyte. 
Sub-group  B.  Hornblendic  trachytes. 

6.  Hornblendic  trachyte. 

6.  Augitic  trachyte. 

7.  Phonolite. 

8.  Trachytic  obsidian. 

Sub-basic  Series— Propylite  and  Andesite. 

Sub-group  1.  Hornblendic  propylite. 

2.  Augitic  propylite.  (!) 

3.  Quartz-propylite. 

4.  Hornblendic  andesite. 

5.  Augitic  andesite. 

6.  Dacite,  or  quartz-andesite. 

Basic  series — Basalts. 

Sub-group  1.  Dolerite. 

2.  Nepheline-dolerite. 

3.  Basalt. 

4.  Leucite-basalt. 

5.  Nepheline-basalt. 

6.  Tachylite. 

The  fifth  chapter  is  entitled  "  Speculations  concerning  the  causes  of 
volcanic  action.''  The  author  propounds  a  very  ingenious  tnal  hypoth- 
esis, by  which  he  believes  the  sequence  of  volcanic  phenomena  through- 
out at  least  the  Eocky  Mountain  region  may  be  explained.  He  assumes 
that  volcanic  phenomena  are  brought  about  by  a  local  increase  of  tem- 
perature within  certain  subterranean  horizons.  But,  as  he  himself 
admits,  this  way  of  putting  the  case  brings  us  no  nearer  to  what  may 
be  the  ultimate  cause  of  such  a  local  increase  of  temperature.  He 
seeks  to  prove  that  all  the  phenomena  of  volcanic  action  point  to  local 
excitation,  and  that  the  observed  order  of  appearance  of  lavas  is  what 
on  this  view  might  theoretically  be  anticipated.  It  would  be  beyond 
the  necessary  limits  of  this  article  to  follow  him  into  the  details  of  his 
argument.  But  one  or  two  points  may  be  briefly  referred  to.  He  re- 
gards lavas  as  mainly  derived  not  from  primeval  subterranean  magmas, 
but  rather  from  the  fusion  of  such  rocks  as  the  crystalline  schists  and 
sedimentary  formations.  In  the  mechanics  of  eruptions  he  believes 
that  the  outpouring  of  lava  does  not  arise  from  the  expansion  of  vapors 
absorbed  within  the  molten  magma,  but  is  merely  a  hydrostatic  problem 
of  the  simplest  order — the  lava  being  forced  out  by  the  weight  of  the 
rocks  overlying  its  subterranean  reservoirs. 
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According  to  this  byx>othesi8  two  preliminary  conditions  are  requisite 
for  an  eruption  of  lava — ^the  rocks  must  be  fused  and  their  density  in  the 
molten  state  must  be  less  than  that  of  the  overlying  rocks.  The  author 
regards  the  observed  order  of  appearance  of  the  lavas  to  be  determined 
by  their  relative  density  and  fusibility,  the  more  siliceous  requiring  a 
higher  temperature  to  fnse  them,  and  the  more  basic,  though  less  re- 
fr^tory,  demanding  a  higher  temperature  to  give  them  such  a  diminution 
of  density  as  will  permit  them  to  be  erupted.  At  an  early  stage  of  erup- 
tion he  holds  that  the  acid  rocks  may  be  light  enough  to  be  ejected,  but 
are  not  yet  melted,  while  the  basic  rocks  may  be  melted,  but  must  await 
farther  expansion  by  access  of  heat  before  they  are  capable  of  being 
poured  forth.  Hence  some  intermediate  rock  will  be  selected  as  the 
first  to  issue,  and  this  rock  the  author  believes  to  be  propylite.  A 
further  increase  of  temperature  produces  homblendic  andesite  and 
trachyte,  and  so  on  to  the  rhyolites,  and  finally  the  basalts.  All  rocks 
more  basic  than  propylite  are  stated  to  present  evidence  of  superfusion; 
these  rocks,  according  to  the  theory,  being  those  which  possess  so  high 
a  density  as  to  demand  a  much  greater  accession  of  heat  than  that  re- 
quired for  mere  fusion,  in  order  that  they  may  become  lighter  than  the 
overlying  crust,  and  thus  be  erupted.  Basalt,  in  particular,  is  cited  as 
an  example  of  a  superfused  rock. 

The  author  tacitly  assumes  that  the  density  of  a  lava  at  the  time  of 
its  outflow  is  necessarily  less  than  that  of  the  rocks  through  which  it 
asoenda,  otherwise  it  c6uld  not  be  erupted.  It  is  a  pity  that  no  experi- 
mental demonstration  of  this  assertion  was  given,  for  it  forms  so  funda- 
mental a  postulate  in  the  hypothesis.  But  even  on  the  supposition  that 
the  lava  is  forced  out  by  the  descent  of  heavier  overlying  rocks,  what 
ought  to  be  found  as  proof  of  this  action  ?  Oaght  we  not  to  meet  with 
abundant  evidence  of  subsidence  at  volcanic  foci!  Every  mass  of  lava 
derived  from  the  local  fusion  of  rocks  at  no  great  depth  beneath  the  sur- 
face, and  driven  out  by  the  weight  of  rock  overlying  it,  should  have  an 
accompanying  and  proportionate  subsidence  of  the  crust  over  the  site 
of  its  source.  Occasional  proofs  of  coUapiw  at  volcanoes  have  long  been 
known,  indeed,  but  admit  of  other  explanation,  such  as  ^'  evisceration," 
to  use  Mr.  Mallet's  phrase.  Instead  of  subsidence,  the  emission  of  vol- 
canic material  has  generally  been  accompanied  with  upheaval.  Captain 
Button's  own  magnifit^ent  plateaus  of  Utah  should  furnish  copious  pi-oofs 
of  a  sinking  or  sagging  of  the  nearly  horizontal  strata  around  the  erup- 
tive vents.  But  there  is  no  trace  of  any  structure  of  this  kind  in  lus 
instructive  and  carefully-drawn  sections. 

Again,  the  alleged  superfusion  of  the  basic  rocks  can  hardly  be  ad- 
mitted upon  the  evidence  here  brought  forward  in  its  support.  The  fact 
that  thin  streams  of  basalt  have  had  a  greater  liquidity  and  have  re- 
tained it  for  much  greater  distances  than  the  acid  lavas  has  long  been 
recognized.  But,  as  Eeyer  has  recently  suggested,  it  is  capable  of  a 
different  interpretation  from  that  of  superfusion.  The  author,  appeals 
flso  to  the  microscopic  structure  of  basalt  as  favoring  his  view  of  former 
intense  ignition.  He  cites,  for  example,  the  presence  of  glass  particles, 
the  absence  of  water-cavities,  the  isotropic  base,  the  compactness  and 
vitreons  structure  of  this  rock.  But  are  not  these  characters  present  in 
&r  more  striking  development  among  the  vitreous  acid  rocks,  which  he 
supposes  to  have  had  a  temperature  little  more  than  sufficieut  for  fu- 
sion! The  exceptions  which  the  author  candidly  admits  to  occur  in  the 
normal  succession  of  lavas — basalts,  for  example,  appearing  before  rhy- 
olites, or  quartz-porpylite  and  quartz  andesite  simultaneously  with  the 
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homblendic  members  of  their  respective  groups — seem  &tal  to  the  hy- 
pothesis. 

From  another  point  of  view  the  idea  that  the  order  of  emission  of 
lavas  has  been  determined  in  the  way  supposed  presents  great  difficult 
ties.  The  author  affirms  that  ^'  we  must  at  least  admit  that  the  source 
of  lavas  is  among  segregated  masses  of  heterogeneous  materials,"  and  he 
supposes  that  ^^  this  arrangement  would  be  well  satisfied  by  a  succes- 
cession  of  metamorphic  strata  (gneiss,  hornblendic  and  augitic  schist) 
resting  upon  a  supposed  primitive  crust  or  magma  having  a  constitu- 
tion approximating  that  of  the  basaltic  group  of  rocks."  But  every 
known  mass  of  metamorphic  strata  presents  endless  interstratifications 
of  very  various  materials.  By  what  process  of  selection  are  the  ele- 
ments of  these  diverse  rocks  grouped  successively  into  deflnite  volcanic 
compounds  f  How  is  it  that  out  of  the  simmering  subterranean  broth 
just  so  much  silica  and  alumina  as  are  needed  for  one  type  are  ladled 
out  at  one  time,  while  a  careful  hand  is  kept  on  the  lime,  alkilies,  and 
iron-oxides,  only  the  right  prox>ortion  being  dealt  forth  for  each  lavaf 

The  remarkable  i)ersistence  of  type  among  the  different  species  of 
lava  all  over  the  world  has  long  been  recognized.  It  is  not  easy  to  see 
how  this  persistence  should  exist,  nor  why  there  should  not  be  fwp  more 
varieties  of  lava  and  transitional  grades  between  the  varieties,  if  they 
are  due  to  the  local  melting  up  of  various  masses  of  heterogeneous  ma- 
terials  within  the  crust. 

The  volume  is  illustrated  by  a  series  of  heliotype  plates,  from  photo* 
graphs  taken  in  the  course  of  the  survey,  representing  some  of  the  more 
remarkable  external  forms  assumed  by  the  sedimentary  and  volcanic 
rocks.  The  atlas  contains  a  valuable  series  of  topographical  and  geo- 
logical maps.  Among  these  a  relief-map  of  the  plateaus,  on  the  scale  of 
five  miles  to  an  inch,  is  specially  instructive.  There  are  likewise  two 
plates  of  sections,  which  bring  before  the  eye  in  a  clear  and  concise 
form  the  structural  details  of  the  region.  In  point  of  execution  the 
plates  of  the  atlas  are  altogether  admirable.  In  his  preface  Captain 
Dutton  states  that  he  undertook  the  task  of  exploration  assigned  to  him 
with  considerable  diffidence  in  his  ability  to  accomplish  it.  He  must  be 
congratulated  on  having  achieved  a  signal  success.  His  work  bears 
everywhere  marks  of  the  most  conscientious  and  painstaking  industry, 
great  acuteness  of  observation,  and  not  a  little  literary  skill  in  the 
marshaling  and  presentation  of  the  facts  observed.  Let  us  hope  that 
the  arrangement  by  which  he  was  enabled  to  exchange  the  routine  duties 
of  an  army  officer  for  geological  field  work  may  be  prolonged,  and  that 
in  further  prosecution  of  his  explorations  in  the  West  he  may  live  to 
issue  other  volumes  as  interesting  and  valuable  as  that  which  is  noticed 
here. 

ARCH.  GEIKIE. 
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THE  SPENCER  LINE-THROWING  GUN  FOR  LIFE-SAVING  PURPOSES. 

I. — Spencer  Gun. 
(Plate  I.) 

1. — Description. 

The  Spencer  line- throwing  gun  is  a  smooth-bore,  and  consists  of:  1, 
the  body ;  2,  the  trunnion  ring ;  and  3,  the  breech-plug  or  fermeture. 
#  The  body  is  made  of  low  steel,  forged  solid,  and  afterward  bored  out. 
The  exterior  of  the  body  is  divided  into  three  principal  parts,  viz,  the 
first  reinforce,  the  second  reinforce,  and  the  chase. 

The^r*^  reinforce  is  a  frustum  of  a  cone  with  the  larger  base  turned 
toward  the  muzzle  of  the  gun. 

The  second  reinforce  is  a  short  frustum,  generated  by  revolving  about 
the  axis  a  convexo-concave  line  whose  middle  point  touches  continually 
a  circle  having  its  center  on,  and  its  plane  perpendicular  to,  the  axis. 
This  reinforce  conjoins  the  first  reinforce  and  the  chase. 

The  duue  is  a  frustum  of  a  cone,  terminated  in  front  by  the  face  of 
the  piece  without  swell  of  the  muzzle  or  a  muzzle-band. 

165 
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The  trunnion  ring  is  a  cylindrical  ring  of  wrought  iron,  which  embraces 
the  first  reinforce  near  its  rear  end.  This  ring  bears  the  trunnions, 
which  are  forged  solid  with  the  ring,  and  then  turned  down  and  prop- 
•erly  aligned. 

The  breech'plug  is  made  of  low  steel.  It  is  divided  into  two  symmetri- 
cal parts  by  a  meridian  plane,  which  is  horizontal  when  the  fermeture 
is  in  i>osition  for  J&ring.  One  of  the  halves  has  four  dowel  pins,  two  on 
-each  side,  that  fit  into  corresponding  holes  in  the  other  ^alf.  These 
dowels  or  pins  serve  to  preserve  the  relative  positions  of  the  parts  when 
put  together.  The  front  end  of  the  breech  plug,  as  a  whole,  is  recessed 
to  form  the  small  hemispherical  chamber  that  terminates  the  bore. 

The  axial  portion  of  the  breech-plug  is  cut  away,  forming  a  funnel- 
shaped  cavity  connecting  with  the  chamber  at  its  forward  and  smaller 
end.  The  bounding  lines  of  this  cavity,  as  seen  in  the  longitudinal  sec- 
tion, are  curves,  convex  toward  the  axis  of  the  bore  prolonged.  The 
hole  through  the  fermeture  is  made  of  this  form  to  guide  the  line  as  it 
passes  through  the  bore  of  the  gun  and  prevent  cutting  it  off.  The 
head  of  the  fermeture,  or  part  wWch  projects  beyond  the  posterior  ter- 
minal plane  of  the  gun,  is  slightly  rounded  for  the  same  reason.  Two 
holes  perpendicular  to  the  axis  are  bored  in  this  basal  projection  to  re- 
<3eive  the  cylindrical  projection  on  the  spanner- wrench  used  to  close  the 
fermeture.  The  cylindrical  exterior  of  the  body  of  the  breech-plug  is 
divided  into  eight  equal  parts,  four  sectors  being  armed  with  sectional 
screw- threads  and  four  being  blanks.  The  sectional  screws  and  blank 
spaces  alternate.  The  rear  end  of  the  bore  of  the  gun  is  counterbored, 
and  has  sectional  screw-threads  and  blanks  to  correspond  with  those  in 
the  breech-plug.  The  plug  is  inserted  by  turning  it  to  the  left  until 
the  threads  on  the  block  come  opposite  a  blank  space  in  the  gun,  then 
press  the  plug  forward  until  it  reaches  the  bottom  of  the  counterbore, 
when  an  eighth  of  a  turn  to  the  right  with  a  spanner- wrench  engages  the 
threads  on  the  block  with  the  corresponding  ones  on  the  inner  surface 
of  the  counterbore,  and  brings  the  block  firmly  to  its  seat,  at  the  same 
time  locking  the  system.  To  withdraw  the  plug,  give  it  an  eighth  of  a 
revolution  to  the  left,  and  pull  out  the  plug.  The  vent  is  perpendicular 
to  the  axis  of  the  bore,  and  m  placed  l'\6  in  front  of  the  trunnion  ring. 

It  is  obvious  that  the  gun  has  a  large  muzzle  preponderance. 

By  an  error  of  the  draughtsman,  the  sectional  screw-threads  and 
blank  spaces  have  been  interchanged  in  Figs.  3  and  4,  Plate  I. 

2. — Principal  dimensions. 

Inoheo. 

Total  lenffth  of  gun 36.2 

Length  of  body 35.2 

First  reinforce,  length 16.9 

Diameter,  rear  end 6.4 

Diameter,  front  end 5.5 

Second  reinforce,  length 1^0 

Diameter,  rear  end 5.5 

Diameter,  front  end 4. 8 

Chascj  length 17.3 

Diameter  at  rear  end 4.8 

Diameter  at  mazzle 3.7 

Trunnion  ring,  length 2.5 

Interior  diameter, a  little  greater  than 5.4 

Thickness  1.0 

Trunnions,  length • 2.5 

Diameter 2.0 

Distance  between  faces  of  trunnions 12.4 
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Indies. 

Distance  between  rim-bases 7.4 

Distance  from  rear  end  of  body  to  trunnion  ring 2.4 

Bore,  total  lengtb,  exclusive  of  chamber 30. 1 

Diameter ^ r. .  2.8 

Chamber,  depth  or  radius 1.3 

Total  leng:th  of  bore,  including  chamber 31.4 

Diameter  of  vent 0.2 

Length  of  connterbore  in  breech 5.1 

Breech-plng,  total  length 6.1 

Exterior  diameter  of  base 4.5 

Diameter  of  body  over  screw-threads - 3. 1 

Diameter  of  body  over  blanks 2.9 

Namber  of  screw-threads 17. 

Fimnel-shaped  cavity,  length 4.8 

Smaller  diameter 0.5 

Largest  diameter 3.6 

II. — GUN-OARRIAGE. 

(Plate  II.) 

1. — Description. 

The  carriage  or  bed  for  the  Spencer  gun  is  made  of  2-inch  plank  planed 
to  a  thickness  of  V',S.  A  plank  of  the  same  thickness  is  placed  between 
the  cheeks,  forming  a  bottom.  The  rear  ends  of  the  cheeks  and  bottom 
board  are  curved  upward  to  allow  the  carriage  to  slide  readily  to  the 
rear  when  fired.  This  also  obviates  the  danger  of  upsetting  and  of 
entangling  the  line. 

The  cheeks  are  bound  with  wrought  iron,  and  two  handles  are  placed 
upon  each  side  similarly  to  the  carriage  for  the  Lyle  gun. 

A  wrought-iron  yoke  is  suspended  from  the  trunnions,  and  furnished 
with  an  arm  of  the  same  material  which  extends  to  the  front.  This  arm 
18  bent  at  right  angles  near  its  forward  end  and  forms  the  support  for 
the  muzzle  when  elevated  for  firing.  A  lever  on  the  right-hand  side  of 
the  carriage  actuates  a  clamp  which'binds  the  yoke  and  preserves  the 
elevation.  The  cap  squares  are  detachable  and  are  confined  by  means  of 
keys.  Three  holes  are  bored  through  the  bottom  board  to  receive  recoil 
pins  intended  to  be  driven  into  the  sand  or  earth.  These  holes  are 
placed  triangularly.  The  recoil  bolts  are  two  feet  long  and  were  de- 
signed to  take  up  the  recoil,  but  were  abandoned  by  the  inventor  before 
the  ofQcial  trials. 

2. — Principal  di7n€ti8ion8. 

Inches. 

Length  of  carriage 36.0 

Wiathof  cheeks 8.4 

Instance  from  axis  of  trunnions  to  rear  end  of  carriage 33.85 

Tbtftllen^h  of  gun  and  carriage 55.4 

APtal  weight  of  gun,  carriage,  and  bolts 233  pounds. 

III.— PBOJBOTILBa 

1. — Description, 

,    (Plate  ni.    Figs.  1—6.) 

The  projectiles  are  made  of  cast  iron.  They  are  cylindrical  in  form^ 
^th  abort  ogival  points.    The  rear  ends  are  rounded  off.    An  axial  hole 


188         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

is  drilled  in  the  base  of  the  shot  to  receive  the  base-screw,  used  to  con- 
nect the  projectile  with  the  spiral  spring  to  be  hereafter  described. 

Three  sizes  of  projectiles  were  made,  differing  only  in  length  and  weight. 
These  sizes  are  designated  as  Nos.  1, 2,  and  3. 

2. — Base-screw. 

(Plate  m.    Pigs.  8  and  9.) 

The  base-pin  or  screw  is  slotted  longitudinally  for  a  little  more  than 
two-thirds  of  its  length.  This  slot  extends  &om  the  rear  end  forward  to 
the  anterior  extremity  of  the  exterior  screw-thread.  A  cylindrical  hole 
whose  axis  is  coincident  with  that  of  the  base-screw  is  pierced  entirely 
through  this  screw.  The  rear  portion  of  this  hole  is  counterbored  to  en- 
large it,  while  the  forward  part  has  a  female  screw-thread  (not  shown  in 
drawings)  tapped  upon  its  interior  surface.  The  exterior  of  the  base- 
screw  is  divided  into  three  parts — ^1,  the  square;  2,  the  screw-thread;  and 
3,  the  tenon. 

The  first  is  for  the  application  of  the  wrench  used  to  screw  it  into  the 
slot.  The  screw-thread  is  tapering,  being  larger  at  the  rear  end.  This 
taper  in  connection  with  the  longitudinal  slot  causes  the  base-screw  to 
act  as  a  vise  or  clamp  ui>on  the  wire  tang  of  the  spiral  spring.  This  tan^ 
occupies  the  axial  cavity  of  the  screw  when  the  latter  is  turned  into  the 
cylindrical  hole  in  the  base  of  the  projectile. 

3. — Spiral  spring. 

(Plate  III.    Figs.  1  and  7.) 

This  spring  is  made  of  strong  steel  wire.  The  middle  portion  of  the 
steel  rod  is  coiled  in  a  close  helix  of  the  same  diamet/cr  as  the  projectile. 
The  end  coils  are  bent  inward  until  the  front  and  rear  tangs  are  in  the 
prolongation  of  the  axis  of  the  spring.  Threads  are  cut  upon  the  extrem- 
ities of  the  tangs.  The  forward  tang  screws  into  the  base-screw,  and  the 
rear  tang  into  the  head  of  the  compound  sleeve  that  serves  to  attach  the 
shot-line  to  the  projectile.  A  brass  valve  or  gas-check  is  placed  upon 
the  rear  tang  or  tail  just  in  rear  of  the  coiled  spring.  This  closes  the 
aperture  in  the  bottom  of  the  chamber  and  prevents  the  escape  of  gas 
when  the  piece  is  fired. 

4. — Compound  sleeve. 

(Plate  in..  Figs.  10— 13.) 

This  sleeve  is  composed  of  two  parts,  the  body  and  the  head.  The  lat* 
ter  is  perforated  longitudinally  and  has  screw  threads  cut  upon  both  its 
exterior  and  interior  surfaces.  The  exterior  thread  engages  the  female 
thread  in  the  body  and  the  interior  one  is  screwed  on  the  rear  tang  of 
the  spiral  spring.  The  body  is  perforated  in  a  similar  manner  to  the  head 
in  order  to  admit  the  end  ot  the  shot-line.  The  forward  portion  of  this 
cavity  is  counterbored  to  receive  the  end  of  the  line  after  being  enlarged 
by  the  insertion  of  the  conical  screw,  which  spreads  the  yams  of  the  Une 
and  secures  it  to  the  sleeve  by  wedging  in  the  throat  of  the  counterbore. 
After  the  conical  screw  is  inserted  in  the  end  of  the  line  and  the  latter 
drawn  down  until  it  wedges  in  the  cavity,  the  head  is  screwed  in  and  the 
sleeve  is  ready  to  be  attached  to  the  projectile.  Two  fiat  surfaces  are 
eut  upon  opx>osite  sides  of  both  body  and  head  to  engage  the  wrenches 
used  in  assembling. 
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5. — Conical  seretos. 

(Plate  in.    Pig.  14.) 

The  form  of  these  screws  is  indicated  by  the  name.  They  are  made  of 
brass  wire.  Threads  are  cat  upon  the  points,  and  a  slot  in  the  heads  to 
receive  the  blade  of  a  small  screw-driver. 

6. — Sabots, 

(Plate  III.    Figs.  6  and  7.) 

The  sabots  are  made  of  soft  wood  and  accurately  fit  the  bore  of  the 
gun.  They  are  made  in  two  pieces,  as  shown  in  the  figure,  so  as  to  be 
readily  plaiced  in  position  when  loading.  They  are  pierced  centrally  by 
a  hole  large  enough  to  embrace  the  projecting  end  of  the  base-screw. 
They  are  placed  in  rear  of  the  projectile  and  in  contact  with  its  base. 
The  sabots  are  intended  to  obviate  the  windage  of  the  projectile. 

7. — Cartridge-bag. 

(Plat«  III.    Fig.  7.) 

This  is  made  of  serge  or  other  woolen  material,  and  must  be  long  enough 
to  allow  the  choke  to  be  made  some  distance  above  the  powder.  K  not 
80  made  it  will  not  enter  the  spiral  spring,  as  the  bending  in  of  the  eud 
coils  and  the  projection  of  the  tangs  render  it  a  very  difficult  matter  to 
insert  the  cartridge  even  when  loosely  tied. 

8. — Prineipal  dimenHons  and  w^hU, 

Inohes. 

Diameter  of  projectiles 2.75 

Depth  of  base-screw  hole 2.5 

Length  of  projectiles,  Nnmber  1 16.3 

Number  2 14.1 

Number  3 10.3 

Weight  of  projectiles,  Number  1 24  pounds. 

Number  2 ^ 20.5  pounds. 

Numbers 15.5  pounds. 

Base-screw,  total  length 2.75 

Di«neter  of  axial  cavity  {8--t^:::::;;-.:::---  »:^ 

Square,  length 0.35 

Side 0.50 

Screw,  length 1.55 

IMameter 0.65 

Blank  tenon,  length 0.65 

Diameter 0.55 

Spiral  spring,  total  length 17.85 

Length  of  coils 6.00 

Diameter  of  coils. 2.75 

Forward  tang,  length 3.25 

Length  of  screw-thread 1.25 

Sear  tang,  length 8.60 

Length  of  screw-thread 0.70 

Diameter  ctf  wire 0.25 

Valve,  total  length 1.00 

Greatest  diameter 0.75 

Number  of  coils twenty. 

Compound  sleeve,  head,  length. 1.10 

Diameter  of  screw 0.40 

Body,  length 2.00 

Qnatest  cuameter 0.60 


190         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Inches. 

Conical  screws,  length 1.05 

Diameter  of  base 0. 2» 

Sabots,  diameter 2.80 

Thickness 1  00 

Diameter  of  axial  hole 0.75 

IV. — Implements. 

(Plate  11.) 

1. — l^anner-wrench.    {Fig,  3.) 

This  wrench  is  made  of  wrought  iron.  The  handle  is  roand  while  the 
curved  portion  is  rectangular  in  cross-section,  l^ear  the  curved  end  on 
the  concave  side  is  a  cylindrical  projection  which  enters  one  of  the  holes 
in  the  breech-block  when  in  use.  This  wrench  is  used  to  lock  and  unlock 
the  breech  mechanism. 

2. — Fiercing-awL    {Fig.  4.) 

This  sharp  awl  is  designed  to  pierce  the  end  of  the  shot-line  longitudi  - 
nally  for  the  reception  of  the  conical  brass  screw  which  wedges  the  line 
in  the  sleeve.  The  awl  is  lozenge-shaped  in  cross-section  and  has  an 
ordinary  wooden  handle. 

3, — Screw-driver..    {Fig.  5.) 

This  tool  is  formed  from  a  flat  piece  of  steel  and  is  used  for  setting  the 
conical  screws  in  the  openings  made  by  the  awl. 

4. — Assembling  wrenches.    {Fig.  6.) 

There  are  two  of  these,  made  of  sheet-steel.  They  are  used  simulta- 
neously in  assembling  the  compound  sleeve.  One  holds  the  body  of  the 
sleeve  firmly  while  the  otiier  is  used  to  turn  in  the  head.  An  ordinary 
rammer  is  used  for  cleaning,  and  a  lanyard  for  exploding  the  MctioQ 
primer. 

V. — ^Method  of  loading. 

The  method  given  by  the  inventor  lacks  practicability,  but  it  is  deemed 
best  to  let  him  describe  it  in  his  own  words.  Appended  to  this  report 
will  be  found  a  copy  of  the  printed  specifications  forming  part  of  his  let- 
ters patent.  The  specifications  are  given  in  fhll  and  accompanied  by  a 
copy  of  the  drawings  forming  part  thereof.  It  will  be  seen  by  consult- 
ing the  foregoing  description  and  plates  and  comparing  them  with  those 
of  the  inventor  that  the  apparatus  presented  differs  considerably  from 
that  indicated  in  the  patent,  though  not  vitiating  any  of  the  claims  for 
the  patented  combinations. 

VI. — ^Elevation. 

From  the  manner  of  construction  it  is  impossible  to  obtain  much  range 
in  the  elevation  of  the  piece.  When  the  carriage  is  on  a  horizontal  plane 
and  the  gun  has  an  elevation  of  about  16^,  the  axis  of  the  bore  pro- 
longed will  just  touch  the  rear  edge  of  the  bottom  board.  With  25^ 
elevation  the  axis  produced  will  pierce  the  bottom  board  about  8''.5  in 
front  of  the  rear  end. 

Placed  upon  a  shelving  beach,  dipping  16^  or  more  toward  the  water^ 
great  difficulty  would  be  experienced  in  obtaining  the  necessary  eleva- 
tion.   If  the  beach  shelved  just  16^  and  the  axis  of  the  gun  had  the 
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same  inctination,  16^  to  the  bottom  of  the  carriage,  this  axis  woald  be 
horizontal  when  placed  in  i>osition  for  faring.  The  greater  the  angle  of 
elevation  of  the  gun  the  greater  will  be  the  angular  change  of  direction 
of  the  line  in  passing  from  the  faking-box  and  out  through  the  gun. 
The  greater  this  change  of  direction  is,  the  greater  will  be  the  danger 
of  catting  off  or  breaking  the  shotrline. 

VII.— ADTANTAGES  OLAIMED  by  the  INVENTOR. 

The  inventor  asserts  that  the  object  of  his  invention  is  ^'to  obtain 
greater  accoracy  and  a  longer  range  in  throwing  life-lines."  The  great- 
est recorded  range  obtained  with  the  Spencer  gun  of  which  the  writer 
has  any  authentic  knowledge  is  255  yards,  carrying  a  Ko.  7  braided 
line*  The  firing  records  exhibit  no  perceptible  difference  in  accuracy 
over  other  n^ethods. 


[Copy  of  printed  record.] 
SPENCER'S  LINE-THROWING  GUN. 

^^fieation  forming  part  of  letters  paient  No.  229058,  dated  June  22^ 

1880.    Application  filed  November  1, 1879. 

To  all  whom  it  may  concern : 

Be  it  known  that  I,  Lewis  W.  Spencer,  of  the  city,  connty,  and  State 
of  New  York,  have  invented  a  new  and  improved  gun  and  projectile  for 
throwing  life-saving  lines,  of  which  the  following  is  a  specification: 

The  object  of  my  invention  is  to  obtain  greater  accuracy  and  a  longer 
range  in  throwing  life-saving  lines. 

In  the  accompanying  drawings  Fig.  1  is  a  longitudinal  sectional  ele- 
vation of  my  improved  gun  and  projectile  arranged  for  firing.  Fig.  2 
lepresents  a  side  view  of  my  improved  breech-block  for  breech-loading 
gang.  Fig.  3  represents  the  breech-block  open  for  the  reception  Qf  the 
connection  between  the  life-line  and  the  projectile.  Fig.  4  is  a  cross- 
seetion  of  the  gnu,  taken  on  line  a?  rr  of  Fig.  1.  Fig.  5  represents  the 
improved  projectile  and  its  elastic  tail.  Fig.  6  represents  my  improve- 
ments applied  to  a  muzzle-loading  gun. 

Similar  letters  of  reference  indicate  corresponding  parts. 

Beferring  to  the  drawings,  A  is  a  breech-loading  gun,  mounted  by 
means  of  trunnions  on  a  gun-carriage,  B.  In  the  breech  a  of  the  gun, 
hack  of  the  barrel  &,  is  an  internally  screw-threaded  chamber^  c. 

C  is  the  breech-block,  screw-threaded  externally  to  adapt  it  to  be 
screwed  into  chamber  o.  Breech-block  C  is  divided  longitudinally  into 
two  semi-cylindrical  sections,  e  ^,  which,  when  put  together  to  form 
the  block,  are  held  together  by  dowel-pins  /  in  section  e*  entering  cor- 
responding holes  in  section  e.  In  each  of  sections  e  e',  at  the  longitu- 
dinal center,  is  a  half  round  groove,  «".  When  the  sections  are  placed 
together  these,  grooves  e^'  form  a  breech  port,  &"  (see  Fig.  1),  which 
coincides  with  the  center  of  the  bore  of  barrel  b.  Avound  the  front  end 
of  this  porte^^'  the  breech-block  is  coned  out  to  form  a  seat,  h,  and  at 
the  rear  end  the  breechblock  isfunneled  out,  as  at  i,  so  that  the  line  can 
run  freely  into  port  e"'.  The  object  of  making  the  breech-block  in  two 
parte  is  to  facilitate  the  loading  of  the  gun  after  the  life-line  and  pro- 
Miile  are  spliced  together,  the  division  of  the  breech-block  permitting 
the  splicing  to  be  laid  through  the  port  e^^',  so  that  the  coiled  life-line 
can  be  connected  directly  with  the  projectile,  and  it  is  only  necessary  to 
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pat  the  two  sections  together  and  screw  the  breech-block  into  the  gun, 
instead  of  having  to  splice  the  line  to  the  projectile  after  loading. 

D  is  the  elongated  projectile  which  I  nse  with  my  gun.  To  the  bntt 
j  is  attached  one  end  of  an  elastic  metal  tail^  h.  Near  the  free  end  I  of 
the  elastic  tail  an  ovoid  valve,  m,  is  fixed  to  said  tail,  which  serves  to 
close  the  inner  end  of  the  port  e^"  in  the  breech.  The  tail  Ic  is  made  of 
a  material  that  can  be  coiled  into  a  tight  spiral  without  breaking,  and 
which  will  resist  the  action  of  the  exploded  gunpowder. 
*  TTndemeath  the  gun  is  a  plate,  E,  suspended  by  ears  n  from  the  trun- 
nions nf  of  the  gun.  The  forward  end  o  of  plate  E  is  turned  up  at  right 
angles  so  as  to  bear  against  the  under  side  of  the  barrel  b.  Underneath 
tiie  rear  end  of  plate  E  is  a  curved  arm,  F,  with  a  slot,  jp,  through  whicli 
is  passed  the  end  g  of  a  set-screw  passed  through  the  side  of  the  gun- 
carriage  B.  By  means  of  plate  E  the  muzzle  of  the  gun  is  held  at  any 
required  height  to  obtain  the  proper  range. 

The  manner  of  using  the  gun  and  projectile  is  as  follows:  The  projec- 
tiles are  prepared  and  kept  in  readiness  for  use  by  splicing  tbe  end  I  of 
the  elastic  tail  Tc  to  the  free  end  of  the  life-line  V^  which  is  coiled  in  a 
box  in  the  usual  manner.  The  breech-block  0  is  withdrawn  from  the 
gun  and  opened  for  the  insertion  of  the  line.  The  projectile  D  is  in- 
serted into  the  barrel  h  through  the  breech  a,  and  the  elastic  tail  h  is 
ooUed  into  a  close  hollow  spiral  of  the  same  diameter  as  the  projectile, 
and  this  hollow  spiral  is  passed  into  the  barrel  behind  the  shot  in  the 
manner  shown  in  Fig.  1.  A  bag  of  powder,  r,  is  then  inserted  within 
the  spiral  formed  by  the  tail  k^  the  end  I  beyond  the  valve  in  is  laid  in 
the  channel  ef'^  and  the  two  parts  of  the  breech-block  being  put  together, 
said  block  is  screwed  into  the  breech,  and  the  valve  m  is  drawn  into  tiie 
the  concave  seat  ^  so  as  to  close  the  port  e/"  and  prevent  the  backward 
escape  of  gas. 

When  the  gun  is  fired  the  shot  passes  straight  out  of  the  gun,  the 
elastic  tail  k  uncoils,  and  the  life-line  is  drawn  by  the  tail  through  the 
port  &"  and  barrel  h  behind  the  shot,  which  is  tiius  enabled  to  keep 
straight  on  its  course  without  turning  or  reversing  its  position  after 
leaving  tbe  gun,  as  is  the  case  in  the  use  of  the  common  method  when 
the  lifeline  is  attached  to  the  shot  and  passed  into  the  gun  firom  the 
muzzle.  The  result  of  my  improvement  is,  that  a  longer  range  and 
greater  accuracy  are  obtained. 

In  Fig.  6  is  shown  a  muzzle-loader.  Herein  the  port  e^"  for  the  end 
of  the  elastic  tail  is  made  directly  through  the  breech,  and  at  tiie  rear 
end  is  fhnneled  out,  the  same  as  in  the  breech-block  G.  In  this  con- 
struction it  is,  of  course,  impossible  to  splice  the  elastic  tail  and  life-line 
before  loading.  Consequently  the  end  {  of  the  tail  is  attached  to  a 
needle,  which  is  thrust  through  the  barrel  h  and  thence  tiirough  port  ^'', 
and  tiie  end  I  having  been  by  this  means  drawn  through  the  breech, 
the  said  end  is  splic^  to  the  life-line  V  and  the  valve  m  is  drawn  down 
to  its  seat  h. 

In  loading,  the  powder  is  first  placed  in  the  gun  from  the  muzzle,  the 
tail  k  is  coiled,  as  before,  and,  having  been  inserted  in  the  gun,  the  shot 
isalso  placed  in  the  muzzle  and  rammed  home,  and  the  gun  is  fired  as 
before. 

It  will  be  readily  seen  that  by  my  improvement  the  projectile  is  deliv- 
ered from  the  gun  without  other  retardation  than  that  caused  by  the 
weight  of  the  Ufe-line,  whereas  by  the  ordinary  method,  when  the  life- 
line is  fired  out  of  the  gun  ahead  of  the  projectile,  the  weight  of  the  line 
compels  the  projectile  to  reverse  or  turn  end  for  end,  and  tiie  conse- 
quence is  a  very  great  retardation  of  the  projectile's  speed. 
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The  taU  ft,  in  addition  to  serving  as  an  elastic  connection  between  the 
shot  and  the  life-line,  serves  also  as  a  guide  for  holding  the  shot  on  its 
course,  and  thus  materially  increases  the  accuracy  of  the  shooting. 

By  applying  the  tail  Jc  to  elongated  projectiles  I  am  enabled  to  lise  such 
projectiles  with  smooth-bore  guns  for  all  purposes,  and  to  obtain  thereby 
as  great  accuracy  as  is  now  obtained  with  rifled  ordnance  and  a  much 
longer  range. 

Having  thus  described  my  invention,  I  claim  as  new  and  desire  to 
secure  by  letters  patent — 

1.  In  combination  with  the  barrel  b,  the  breech-block  C,  provided 
with  a  central  port  ^",  valve-seat  fe,  and  funneled  entrance  i,  as  and  for 
the  purpose  substantially  as  described. 

2.  In  combination  with  the  projectile  D,  the  elastic  tail  k  and  valve 
m,  substantially  as  described. 

3.  In  combination  with  the  projectile  D,  the  elastic  tail  &,  valve  m^ 
and  {for  the  attachment  of  the  life-line,  substantially  as  described. 

LEWIS  W.  SPEilCEIL 
Witnesses: 

W.  C.  DONN. 

C.  Sedgwick. 


LIST  OF  PLATES. 
EXPLANATIONS. 

{Plate  1.) 

Fig.    1.  Longitudinal  section  of  the  Spencer  line- throwing  gun: 

A.  First  reinforce. 
E.  Second  reinforce. 
G.  Chase. 

E.  Trunnion  ring. 
D.  Breech-block. 

B.  Bore. 

C.  Chamber. 

F.  Funnel-shaped  cavity. 
V.  Vent.  , 

Fig.    2.  Plan  of  Spencer  line-throwing  gun* 
A.  Body  of  gun. 

D.  Breech-block.  / 

E.  Trunnion  ring. 
T.  Trunnions. 

V.  Yent. 
Fig.    3.  Front  elevation  of  breech-block. 
Fig.    4.  Cross-section  of  gun  in  rear  of  trunnions* 
Fig.    5.  Front  elevation  of  gun. 

{Plate  IL) 

Fig.  1.  Side  elevation  of  Spencer  line-throwing  gun  and  carriage. 

Fig.  2.  Front  elevation  of  same. 

Fig.  3.  Spanner-wrench. 

Fig.  4.  Piercing  awl. 

Fig.  5.  Plan  and  elevation  of  screw- driver. 

Fig.  6.  Plan  and  elevation  of  small  wrenches,  only  one  shown  (wrenches 
are  of  the  same  size). 

13  OED 
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Fig.    7.  Showing  relative  positions  of  gan  before  and  after  firing,  show- 
ing x>osition  of  line  after  firing  (range  distorted). 

A.  Position  of  gun  and  carriage  before  firing. 
*B.  Position  of  gun  and  carriage  after  firing. 
G.  Position  of  faking-box. 

D.  Position  of  projectile  after  firing. 

E.  Position  of  shot-line  after  firing. 

{Plate  III.) 

Fig.  1.  Side  elevation  and  partial  section  of  Spencer  life-saving  pro- 
jectile No.  1,  showing  aixangement  of  parts  when  assembled : 

B.  Base  screws. 

A.  Front  tang  of  spiral  spring. 
8.  Coils  of  spiral  spring, 
v.  Valve  or  gas-check. 
C  Bear  tang  or  tail  of  spiral  spring. 
Fig.    2.  Bear  elevation  of  projectile  No.  1. 

Fig.    3.  Side  elevation  and  partial  section  of  Spencer  life-saving  projec- 
tile No.  2,  without  base  screw  or  spiral  spring. 
Fig.    4.  Bear  elevation  of  projectile  No.  2. 

Fig.    5.  Side  elevation  and  partial  section  of  Spencer  life-saving  pro- 
jectile No.  3. 
Fig.    6.  Plan  and  elevation  of  wooden  sabot. 

Fig.    7.  Longitudinal  section  of  Spencer  line-throwing  gun,  showing 
arrangement  of  parts  when  loaded  with  projectile  No.  1. 

A.  Body  of  gun. 

D.  Breech-block. 
V.  Vent. 

B.  Projectile  No.  1. 
O.  Sabot. 

S.  Spiral  spring. 

C.  Cartridge. 

E.  Valve  or  gas-check. 

F.  Compound  sleeve. 
L.  Shot-line. 

Fig.    8.  Bear  elevation  and  longitudinal  section  of  base  screw. 

Fig.    9.  Side  elevation  of  base  screw. 

Fig.  10.  Longitudinal  section  of  compound  sleeve. 

Fig.  11.  Bear  and  side  elevations  of  body  of  sleeve. 

Fig.  12.  Front  and  side  elevations  of  head  of  sleeve. 

Fig.  13.  Longitudinal  section  of  body  of  sleeve,  showing  the  shot-line 

and  conical  screw  in  position. 
Fig.  14.  Side  elevations  of  two  forms  of  conical  screws. 

Plate  1 V. 

Enlarged  copies  of  drawings  of  Spencer  line-throwing  gun;  &c.,  taken 

from  the  specifications  accompanying  letters  patent. 
Fig.    1.  Longitudinal  section  of  Spencer  rifled  gun  and  carriage. 
Fig.    2.  Side  elevation  of  breech-block. 
Fig.   3.  Plan  of  two  halves  of  breech-block. 
Fig.    4.  Section  of  gun. 

Fig.    5.  Side  elevation  of  rifle  projectile  and  spiral  spring. 
Fig.    6.  Longitudinal  section  of  smooth-bore  gun . 
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APPENDIX  22. 

THE  PRACTICAL  APPLICATION  OF  BARTLETT'S  FORMULAS  TO  PROBLEMS 

IN  GUN  CONSTRUCTION. 

BY  CAPT.  GEORGE  W.  M'KRE,  ORDNANCE  DEPARTMENT. 

December,  1880. 

SiB:  I  have  the  honor  to  forward  a  r68uiii6  of  Prof.  W.  H.  C.  Bart- 
lett^s  memoir,  entitled  "Strains  on  Rifled  Guns,  &c."*  The  exl^anstive 
and  admirable  analysis  by  which  Professor  Bartlett  deduces  his  formulas 
is  followed  by  me  identically  as  far  as  possible,  but,  as  a  different  char- 
acter of  twiist  is  here  discussed,  corresponding  changes  in  the  mathe- 
matics of  Part  I  have  become  necessary.  I  have  been  careful  to  pre- 
serve the  Professor's  premises,  reasoning,  and  notation,  and  have  quoted 
his  exact  language  throughout  in  so  far  as  it  is  conformable  to  the  case 
in  point. 

Professor  Bartlett,  in  introducing  his  subject,  remarks: 

The  general  introduction  of  the  rifled  gnn  into  the  militaiy  service  has  made  an 
epoch  in  the  art  of  war.  The  great  range,  accuracy  of  fire,  ana  increased  penetrating 
power  of  the  missiles  of  these  guns  have  greatly  expanded  the  dimensions  of  defensive 
works  on  land  and  ohanged  materially  the  construction  and  character  of  our  militaiy 
marine.  Such  important  results  afford  strong  temptation  to  push  the  means  hy  which 
they  are  obtained  beyond  the  limits  of  prudence,  and  instances  of  disaster  have 
created  the  impression  that,  in  some  cases,  these  limits  have  already  been  passed. 

The  rifled  gun  is  not  only  subjected  to  the  usual  lateral  strain  of  an  ordinary  smooth- 
bore, but  also  to  a  strain  m  the  direction  of  its  length  and  one  of  torsion  around  its 
axis;  and  doubts  have  been  expressed  whether  these  strains,  simultaneously  applied 
and  oft-repeated,  may  not  prove  an  overmatch  for  the  endurance  of  the  material  of 
which  this  kind  of  gun  is  made.  Such  doubts  are  to  be  confirmed  or  dispelled  only 
by  numerical  estimates  of  the  strains,  and  the  purpose  of  the  present  paper  is  to  con- 
atmct,  upon  principle,  a  set  of  formulas  by  which  these  estimates  may  be  made. 
Many  rifled  grins  have  failed;  but  the  same  may  be  said  of  all  guns,  smooth  and  rifled; 
and  the  question  is,  are  these  failures  unavoidable  in  the  rifle? 

A  good  gun  can  only  result  from  the  principles  of  physics,  rightly  applied  by  the 
rules  of  mechanics.  Of  course  such  a  gun  may  come  U'om  accident,  but  the  chances 
are  ao  adverse  as  to  make  it  highly  improbable.  Bad  ffuns  must  ever  fail ;  good  ones 
may  and  often  do  fail  from  improper  treatment.  If  the  missile  clog,  explode  in  the 
bore,  be  not  rammed  home,t  or  the  powder  partake  of  the  character  of  a  fulminate  in 
quiclmess,  the  best  guns  must  yield.  The  laws  of  matter  are  immutable.  No  gun  can 
stand  everything ;  and  vet  the  failure  of  a  good  gun  from  causes  which  would  break 
any  gun  is  as  likely  to  destroy  confidence  in  aU  ffuns  of  the  same  kind  as  the  failure 
of  a  bad  one  under  legitimate  tests,  andpust  as  liKcly  to  produce  a  prejudice  as  a  well- 
founded  conviction.  It  is,  therefore,  quite  as  important  to  know  how  to  treat  guns  as 
to  know  how  to  make  them.  The  circumstances  attending  the  failure  of  a  gun  are 
rarely  ever  known,  and  the  verdict  of  those  charged  with  the  investigation  of  the 
causes  of  failure  is  almost  always  tainted  with  uncertainty.    *    *    « 

^  before  remarked,  *  *  *  all  rifled  guns  are  subjected  to  three  strains.  The 
first  stretches  in  the  direction  of  tfte  circumference,  the  second  in  the  direction  of  the 
length,  and  the  third  twists  around  the  axis.  The  object  is  to  find  the  second  and 
third  in  terms  of  the  first.  The  first  being  known  from  experiment,  the  latter  become 
known.  The  known  shape  and  dimensions  of  the  guns,  and  the  strength  of  the  ma- 
terial of  which  they  are  made,  complete  the  requisite  data,  and  the  application  of  the 
formulas  wiU  be  easy. 

*  From  the  Memoirs  of  the  National  Academy  of  Sciences,  vol.  I. 
t  Tiiere  is  among  writers  a  difference  of  opinion  on  this  subject,  which  it  is  not  pro- 
posed to  discuss  here. 
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LAW  OF  THE  TWIST. 

(1.)  The  twist  is  uniform,  starting  with 
nothing  at  a  point  18  inches  from  the  bottom 
of  the  tube  and  making  one  turn  in  70  feet. 
The  development  of  a  groove  is  constructed 
in  this  wise,  viz:  A  B  is  the  base  of  a  rect- 
angle equal  to  the  circumference  of  the  bore, 
and  B  G  the  height  equal  to  the  length  of  a 
single  revolution  of  the  spiral  measured  on 
the  axis  of  the  bore.  The  diagonal  A  C  rep- 
resents the  development  of  an  entire  revolu- 
tion of  the  required  groove.  On  A  D  lay  off 
the  distance  A  E,  equal  to  the  length  of  the 
rifled  bore,  and  at  E  erect  the  perpendicular 
E  F.  A  F  will  be  the  development  of  the 
groove  which  lies  on  the  surface  of  the  bore.* 


EQUATION  OF  THE  DEVELOPED  GBOOTE.  . 

(2.)  Take  the  origin  at  A:  A  B  as  the  axis 
of  X  and  A  D  as  that  of  Y.  Call  the  angle 
P  A  F,  Q.    Then  will  A  P=a?  and  P  F=y. 

y=:a?tanQ  (1) 

is  the  equation  of  the  line  A  F — ^the  developed  groove* 

EQUATION  OF  A  HELIX  OF  THE  GROOVE. 

(3.)  Now  wrap  the  developed  surface  around  the  cylinder  of  the  bore; 
denote  the  radius  of  the  latter  by  y.  Conceive  a  plane  through  the  axis 
of  the  gun  to  revolve  about  that  line  and  to  start  from  a  position  in 
which  it  contains  the  element  of  the  cylinder  upon  which  the  groove 
starts  at  the  bottom.  Denote  the  variable  angle  which  this  plane  makes 
with  its  initial  position  by  '/^;  then  will 


and  equation  (1) 


a?  =  v(r 


y=r:  v^^tan  Q 


(2) 


Denote  the  length  of  the  groove  in  the  direction  of  the  axis  by  l^  and 
let  n  represent  the  ratio  of  the  circumference  of  the  bore  to  that  portion 
of  the  same  into  which  the  entire  helix  is  projected,  or 


n  = 


TZV 


X 


Let  a  represent  the  cotangent  of  the  angle  which  an  element  of  the 
helix  makes  with  the  axis  of  the  gun.    Thdn  we  have 


whence 


y  =  OX]  a?  =  vy 

L  =  y  —  avW  •=,  o 
y=constant 


*  Benton's  Ordnance  and  Gunnery,  p.  171. 
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for  the  equations  of  a  helix  of  a  uniform  groove,  with  the  origin  on  the 
axis  of  the  pi^ce.    Making  y  =  I 

nl 


and  we  have 


T  ^^       W 

^      2r.  V,  (3) 

V  =  constant. 


whence 


^^nl     \  (4) 

V  =  constant  ) 

(4.)  Differentiating  equation  (4),  dividing  by  dt^  and  making  -^  =  Y  = 
velocity  of  the  projectile,  we  have 

dt  ""  vnl  (^) 

SabstitutiDg  y  for  I,  differentiating  again,  and  dividing  by  dty 

dt^  "       yny^  ^^ 

(5.)  Dividing  equation  (5)  by  2  tt,  and  denoting  the  number^of  turns 
of  the  projectile  in  a  second  of  time  by  w,  we  find  ^ 

(6.)  Denoting  the  distance  passed  over  by  the  projectile  while  turning 
once  on  its  axis  by  d^  we  have 

d  =  -==:ynZ  (8) 

(7.)  The  passage  of  the  projectile  from  its  place  of  rest  to  the  mouth 
of  the  piece  is  a  case  of  constrained  motion,  and  the  conditions  of  con- 
straint are  given  by  equation  (4). 

Make  the  following  notation,  viz: 

P  =  Intensity  of  the  force  on  back  of  the  projectile  in  direction  of  axis. 
M  =  Mass  of  the  projectile. 

I  =  Moment  of  inertia  of  the  projectile  with  reference  to  axis  of  piece. 
N  =  Normal  pressure  on  edge  of  land. 
/=  Co-efficient  of  friction. 

0  =  Angle  of  inclination  of  itn  element  of  the  twist  to  axis  of  piece. 
=  Any  indefinite  arc  of  the  helix. 


198         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Then  will 


<T8=zvBm0(T  9^+  COS  Ody 


which  latter  substituted  above  gives 


P-M^-/Ncostf)er]/-.(^I  -^ +/N  V  sin  ^)  5^=0 


From  equation  (4)  we  have 


nl 


ff  V  =  o 


Multiply  the  first  by  ^,  the  second  by  X^,  and  adding  to  the  equation 
above, 

(^P-mJ^3-/Ncos^-A  ^Vy-(l^'  +/Nysin^-Av^ 

whence 

P-Mf|-/Ncos^-A|j  =  o  (9) 

I^^2^+/Nvsin^-Ay  =  o  (10) 

Ai  =  o  (10)> 

t 


-='^/(S:>  +  (^>  +  (^f)•='^/^  +  S 


From  eqaations  (9)  and  (10)  we  have 

P-M^r— /Ncostf 

^  aw + fS  >  sin  0 


*  Bartlett's  Mechanics,  pp.  55  and  467.    If  the  extraneous  forces  applied  to  a  body- 
be  not  in  equiiibrio,  they  will  communicate  motion  to  it,  and  will  developo  forces  of 
inertia  in  its  varions  elementary  masses  with  which  they  will  be  in  eqnilibrio ;  and  if 
extraneous  forces  equal  in  all  respects  to  these  forces  ot  inertia  were  introduced  into 
the  system,  the  algebraic  sum  of  the  virtual  moments  would  be  equal  to  zero. 

tAand  X^  are  any  indeterminate  intensities.  ,  N,  the  resultant  of  the  extraneous 
forces  and  the  forces  of  inertia  exercising  a  normal  pressure  ,on  the  edge  of  the  laud^ 
is  equal  to  the  square  root  of  the  sum  of  the  squares  of  its  components  in  the  direc- 
tions of  the  axes  of  X,  of  Y,  and  of  the  radius. — BarlleWa  MechanicSy  pp.  219  and  223. 
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Eqnatmg  these  valaes,  we  get 

P-M-J?-N[/co8.+/8m.^]-I^-f^  =  o.  (11) 


Make  a=Ji  +  if^  (12) 

Then  will 

X  =  i  a  = '■ .a 

V 

T  — —   •  Of 

^  =  >  (1  —  a/ sin  0)  ' 
Substituting  this  in  equation  (11)  we  find 


a/(co80+sin<>4f)      2^,  .. 


Make  A»-         ^  ^^  _  ^^^j^  ^  ^  +  ^^^ 

and  the  ahore  becomes 

Substituting  the  value  of  ^^  as  given  by  equation  (6),  we  find 

P  +  I^--A>  (13)11 

ePy  ""y'  ^     ' 

df'  •  M 

MultiplyiDg  both  members  by  M  and  subtracting  from  P  =  P  ^ 

P-Mf^  =  ^I^''^;.A'  (14) 

Taking  the  value  of  ^f  in   equation    (13)",  and  substituting  it  in 
equation  (13)*,  we  find 

Dividing  by  u 

1    dl^'F  _      J    27rV^ 

V  1¥  "^^^  \hiy  (^^> 
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Before  the  value  of  A^  can  be  employed,  it  will  be  necessary  to  find 
cos  0  and  sin  0^  in  functions  of  y.    For  tliis  purpose  we  have 


dW 


nl 


sin  0  = 


7 


Mr^+dy^ 


V 


1  +  ^^-- 


^/ 


cos  6  = 


dy 


1 


Ju^d^f'+df  Jl  + 


dy'~ 


^/ 


l+v,' 


2 


(16) 


which  substituted  in  the  value  for  A^,  a  will  disappear,  and  give 


Ai  = 


<'+  *:;.") 


2r  nZ/+2;r 


0-/  II ) 


f-~T=- 


vnl^  v{»Z  — 2;:/)' 


which  substituted  for  A^  in  equation  (14)  gives 

^      ^  dt^  -      ^ 


__  nlf+  2r 


(17) 


^8).  Denoting  the  weight  of  the  projectile,  in  pounds,  by  W,  and  the 
principal  radius  of  gyration  of  the  projectile  in  reference  to  the  axis  of 
Totation  by  ¥j  then  will 

9  9 

«nd  equatious  (17)  and  (15)  become 


P-M^  =  -  ^k,^.^''^'      nlf+2r. 


dt^ 


ff 


vny 


v(nl^2irf) 


I.    ^ 
V     df' 


VY    ,    2        ^,.  V 

'"'l      •    9 S 

g  v^ny^ 


(18) 


(19) 


Making  A= A^v  the  formulas  will  stand 

nlf+2i: 


A  = 


nl  ^  2  Tzf 


P  —  M  ..^  =  —     -  hi^ .  -i 


2rY2     nJf'\-2T. 


dt' 


i^'^ny^  '  nl  ^  2  Tzf 


V  '  dt^  ~       g    ^  '   >^ny^ 


(20) 


(21) 


(22) 


/ 


X9,)  Denote  by  C  the  strain  in  direction  of  circumference  of  the  bore, 
then 

C=i?i.2v.(y  +  c),  (23) 
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in  which  e  is  the  distance  from  the  bottom  of  the  bore  to  the  beginning 
of  the  groove,  and  pi  is  the  pressure  of  gas  on  one  square  foot  of  surface. 
At  the  mouth  of  the  gun  y  =  1^  and  the  working  formulas  become 

p«  Mg  =  -  ^Jc,^  .  ^-^  .  f-+^,  (25) 

C=::2pi.v.{l  +  C)  (27) 

The  value  of  X^  being  zero,  equation  (10)^  shows  no  action  to  draw  the 
expanding  ring  of  the  projectile  outward,  on  the  part  of  the  edge  of  the 
land. 

Equation  ^23)  gives  the  tangential  or  circumferential,  equation  (21) 
the  longitudinal,  and  equation  (22)  the  torsion  strain,  all  expressed  in 
pounds,  and  the  lever  arm  of  the  latter  being  the  radius  of  the  bore. 
The  strength  of  the  gun  material  will  readily  suggest  the  figure  and  di- 
mensions necessary  to  resist  these  strains.  The  strength  of  the  material 
should  be  a^certaiued  by  careful  experiments,  so  conducted  as  to  subject 
cylinders  of  the  metal  simultaneously  to  the  three  kinds  of  strain,  the 
intensities  of  the  strains  bearing  to  one  another  the  proportions  suggested 
by  the  formulas. 

(10.)  To  apply  these  formulas  it  will  only  be  necessary  to  find,  experi- 
mentally, the  value  of  j>i  with  the  Eodman  or  other  plug,  the  value  of  V, 
for  different  values  of  y,  with  the  Schultz,  Bouleng^,  Benton,  or  other 
ballistic  machine,  and  to  compute  from  the  known  figure  and  dimensions 
of  the  projectile  the  value  of  Jci,  It  is  assumed  from  Major  Bodman's 
experiments*  that  the  projectile  acquires  one-half  its  initial  velocity  at 
one-third  the  distance  from  the  starting  point  to  the  mouth  of  the  piece, 
and  that  the  pressure  is  reduced  to  one-third  at  this  same  point.  The 
actual  velocity  of  the  projectile  at  any  point  of  the  bore  can  be  deter- 
mined by  electricity,  and  it  is  advisable  to  do  this  for  the  sake  of  accuracy. 
To  deteripine  the  corresponding  pressure,  without  mutilating  the  gun,  is 
not  a  matter  of  such  easy  accomplishment;  but  Bodman's  experiments 
80  plainly  warrant  Professor  Bartlett's  assumption  as  to  the  reduction 
of  pressure  that  it  may  be  considered  perfectly  safe  for  all  practical  pur- 
poses. 

(11.)  Let  us  illustrate  the  mode  of  computation  by  applj'^ing  the 
formulas  to  the  case  of  the  United  States  12.25  inch  muzzle-loading  rifle. 
Taking  the  dimensions  of  the  gun,  the  pressure  of  gas,  and  velocity  and 

•In  Major  RcMlinan's  work,  entitled  "  ExperiaieuiB  on  Motals  and  Gunpowder,"  page 
^,  it  appears  that  in  a  42-pouuder  S  pounds  of  powder  behind  a  solid  sliot  and  sabot 
gave  a  pressure  of  the  gas  on  a  square  inch,  at  14  inches  from  the  bottom  of  the  bore, 
eqoal to 46,100  pounds;  at  28 inches,  12,200;  at  42  inches,  5,r00;  at  50  inches,  5,350;  at 
70  inches,  4,970;  and  at  84  inches,  5,700;  showing  a  pretty  rapid  decrease  after  the  pro- 
jectile begins  to  move,  and  from  which  it  may  be  assumed  that  the  projectile  acquires 
one-half  its  initial  or  maximum  velocity  at  about  one-third  the  distance  from  the 
starting  point  to  the  mouth  of  the  piece. — Professor  BartletVs  Memoir^  page  8. 
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weight  of  projectile  from  the  report  of  the  Chief  of  Ordnance,  1878,  the 
data  for  computation  will  stand: 


Feet, 
t  V  =  0.509875. 

I  =  17.246. 
t  w  =  4.059. 
ki^  =  0.11675981. 
^  =  32. 
1485 


Feet. 
C  =  1.68416. 

y  =  5.74866. 
•      •      •      • 

n  =  3.1416. 

/  =  0.161  =  friction  between  brass 

and  wrought  iron. 
W  =  700. 
^1  =  J  X  33500  X  144  =  1608000. 


THE  TANGENTIAL  STRAIN  AT  ONE-THIRD  DISTANCE. 


Equation  (23). 

Nos. 
Pi  =  1608000. 
2  V  =  1.019750. 
y  +  c  =  7.43282. 


C  = 


12188255  pounds. 


Lop^s. 
0.2062860 
0.00849371 
0.8711536 

7.08593331 


THE  TORSION  AND  LONGITUDINAL  STRAINS  AT  ONE-THIRD  DISTANCE. 


Equation  (20). 


nl=z 

Nos. 
70 

0.161 
11.27 

6.2833 

6.2833 
0.161 

1.011 

11.27  +  6.2833  =  17.5533 
70  -  1.011  =  68.989  ac 

0.2544  =  A 

and  (21). 

Nos.            Logs. 
700 
0.11675981 
32          1.50514998  ac 

• 

2.554 

Lo^. 
1.8450980 
- 1.2068259 

nlf  = 

1.0519239 

2?:=: 

0.7981809 

2^  = 
/  = 

0.7981809 
- 1.2068259 

2;r/  = 

0.0050068 

nlf+  2;r  = 

nZ  — 27r/  = 

n7/+2r_ 
ni  — 27r/"" 

1.2443588 
8.161220^ 

-  1.4055790 

Equations  (22) 
VV  = 

9  = 

Logs. 
2.8450980 
-  1.0672934 
8.4948500 

0.4072414 

c  1  o  227 
t  The  diameter  of  bore  across  lands  =  <  10*247  ^^^^^^^  ^^®  mean  value  of  v  is,  there^ 

fore,  6.1185  inches. 

t  The  circumference  at  bottom  of  rifled  bore  into  which  the  helix  is  projected  has  a 
diameter  of  12.247  -f-  ^l^*^  inches  =  diameter  across  lands  at  that  point.  The  value  of 
ft  is  found  accordingly. 
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v2/ty2  __ 


9 

27rY2  = 


I  d2^_ 
A 


34.8723 


2.554 


3463969 
34.8723       1.5424801  ac 

253709  pounds. 


64552  pounds. 


2»  = 

6  2833 
(742'.5)«      2.8706965  x  2 

3463969 

(0.509875)2  -  1.7074638  x  2 
4.059 
(5.74866)2    0.7595667  x  2 

Logs. 
0.7981809 
5.7413930 

v»  = 

6.5395739 

v2  = 

n  = 

- 1.4149276 
0.6084191 
1.5191334 

1.5424801 

0.4072414 

6.5395739 
8.4575199 

5.4043352 
- 1.4055790 

4.8099142 


(12.)  Let  us  now  compute  the  strains  when  the  projectile  has  reached 

the  mouth  of  the  gun.    For  this  purpose  equations  (25),  (26),  and  (27) 
are  applicable. 

Equation  (27). 

Nos.  Logs. 

•j?i=     603000  5.7803173 

2v  =              1.019750  0.0084937 

Z+c=             18.93016  1.2771543 


C  = 


11640330  pounds. 


7.0659653 


Equations  (26)  and  (25). 

No9. 

6.2833 

(1485)2 


2;r  = 

V2  = 


Logs. 
3.1717265  X  2 


2rV2 

W 
9 

n 


=  2.554 

=  (0.509875)2 

=  4.059 

=  (17.246)2 

~  .  ^l-  =  112759  pounds. 


1.41 49276  a<5 
0.6084191  ac 
2.4733768  ae 


V 


dt^ 


P^M?y  = 


M^^^=    28690  pounds. 


Logs. 
0.7981809 
6.3434530 

7.1416339 

0.4072414 

10.5850724 
9.3915809 
7.5260232 

5.0521518 
- 1.4055790 

4.4577308 


The  pressnre  at  muzzle,  according  to  Rodman's  experiments,  is  aboat  one-eighth 
•»  the  pressure  at  seat  of  the  charge. 
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(13).  Kext  compute  the  effective  work  the  torsion  strain  performed 
on  the  projectile  during  the  passage  of  the  latter  to  the  mouth  of  the 
piece.    For  this  purpose  we  have  equation  (5) : 

2\dtJ~2g  ■  "^  'w^Pv*^ 

Logs.  Logs. 

Y^  =  (1485)2  3.1717265  x  2  6.3434530 

;r»  =i  (3.1416)*  0.4971509  x  2  0.9943018 

4=4  0.6020599 

Jci^  ^  0.11675981  -  1.0672934 

W  =  700  2.8450980 

2g  =  64  1.8061799    04)  8.1938201 

n'  =  (4.059)2  0.6084191  x  2  ac  8.7831618 

I*  =  (17.246)2  1.2366884  x  2  ac  7.5266232 

v^  =  (0.509875)2  -  1.7074638  x  2  a^  10.5850724 


g  (   ^^  J  =  87273  foot-pounds. 


4.9408836 


The  work  of  the  torsion  strain  will  be  that  required  to  raise  87273 
pounds  through  a  vertical  distance  of  one  foot  in  the  time  required  for 
the  projectile  to  pass  from  rest  to  the  mouth  of  the  gun. 

(14.)  To  compute  the  work  in  the  projectile,  due  to  its  motion  of 
translation,  we  have 

Logs.  Logs. 

W  =  700  pounds.  2.8450980 

<7  =  32  1.50514998  ac  8.4948500 

2=2  0.30103000  ac  9.6989700 

V2  =  (1485)2  3.1717265    x  2  6.3434530 

^^  =zY  .^^  =  24119646  fodtpounds.  7.3823710 

2         2g 

(15.)  The  torsion  strain,  at  one-third  distance  from  the  point  of  the 
projectile's  departure  to  the  mouth  of  the  gun,  or 

Logs. 
T  =  253709  5.4043352 

Tangential  (circumferential),  or  0  =  12188255         ac  2.3184018 

^  =  0.020816  -  2.3184018 

So  that  the  strain  which  twists  the  gun  is  but  little  more  than  two  one- 
hundredths  of  that  which  acts  to  split  it.    And  again. 

Longitudinal  strain,  or  L  =  64552  4.8099142 

Tangential  (circumferential),  or  0  =  12188255         ac  2.9140666 

^  =  0.0052964  -  3.7239808 

And  the  longitudinal  strain  is  but  little  over  five  one- thousandths  of 
that  which  acts  to  split  the  gun  at  that  point. 

Logs. 

The  torsion  strain  at  mouth,  or  T  =  112759  5.0521518 

Tangential  (circumferential),  or  C  =  11640330  ac  2.9340346 

^  =  0.0096869  -  3.9861864 
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And  the  strain  which  twists  the  gnu  at  the  muzzle  is  not  quite  ten- 
thousandths  of  that  which  acts  to  split.  And  again,  at,  the  month  of 
the  gun, 


Longitudinal  strain,  or  L  =  28690 

Tangential  (circumferential),  or  C  =  1 1640330 

L 


C 


=  0.0024647 


Logs. 
4.4577308 
ac  2.9340346 

--  3.3917654 


And  the  longitudinal  strain  at  the  mouth  of  the  gun  is  but  little  over 
two  one-thousandths  of  the  tangential,  or  splitting  strain,  when  the 
projectile  reaches  that  point. 

(16.)  The  8-inch  converted  rifle  No.  1,  experimented  with  by  the  United 
States  Ordnance  Board,  has  a  uniform  twist  of  one  turn  in  forty  feet. 
Sappose  we  take  a  gun  having  the  dimensions  of  the  100-pounder 
(6.4-inch)  Parrott  rifle  and  apply  this  twist  to  it. 

The  data  for  the  calculation  will  be 


Feet. 

v=    0.266 
I  =r  10.833 
n=    3.69 
Ai*=    0.035378 
^  =  32 
1250 


V  = 

c  =  1 


2 


=  625 


Feet. 

y=    3.61 

•     •     •     •  • 

7r=    3.1416 
/=    0.161 
W  =  101 

Pi  =  \x  81000  X  144  =  3888000; 


and  at  one-third  the  distance  from  the  point  of  the  projectile's  departure 
to  the  mouth  of  the  gun  we  will  find  the  longitudinal  strain,  or  L,= 
26284  x>onnds,  and  the  t<»r8ion  strain,  or  T,= 80545  pounds.  At  the 
mouth  of  the  gun  we  \^ill  have  the  longitudinal  strain,  or  L,= 11729 
pounds,  and  the  torsion  strain,  or  T,  =35943  pounds.  The  twist  of  the 
8-inch  converted  rifle  (one  turn  ki  40  feet)  was  selected  in  order  to  con- 
form as  nearly  as  possible  with  the  twist  of  the  6.4-inch  (100-pounder) 
Parrott  rifle.  The  value  of  n  for  the  8-inch  rifle-twist  is  3.69,  and  for 
the  Parrott  3.5  thus  showing  that  the  Parrott  twist  completed  its  turn 
more  nearly  than  the  8-inch  in  the  length  of  the  gun.  The  Parrott  ini- 
tial twist  was  not,  however,  so  abrupt  as  the  8-inch,  and  therefore  the 
inertia  of  the  projectile  in  the  latter  case  caused  correspondingly  greater 
longitudinal  and  torsion  strains  in  resisting  its  initial  motions  of  trans- 
lation and  rotation.  But  the  inertia  having  been  overcome,  both  of 
these  strains  diminished  ra})idly  toward  the  muzzle,  where  they  were 
less  than  one-half  of  what  they  were  near  the  point  of  the  projectile's 
departure.  Precisely  the  reverse  takes  place  with  the  increasing  or 
Parrott  twist.  The  constraint  of  the  projectile  increases  as  the  muzzle 
is  approached,  and  the  inertia  develops  corresponding  increments  of 
longitudinal  and  torsion  strains.  Both  these  strains,  as  shown  by  Pro- 
fessor Bartlett,  are  at  their  maxima  at  the  muzzle,  and  hence,  although 
the  assistance  to  the  tangential  strain  is  slight,  may  possibly  be  explained 
either  a  fault  in  construction  or  a  tendency  in  the  Parrott  rifles  to  break 
torsionally  at  the  muzzle,  as  evinced  by  the  very  small  calibers,  and  the 
300-pounder  at  Morris  Island;  and  lotigitudinally  by  blowing  out  the 
breech,  as  invariably  happens  with  the  200-pounder. 
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If  we  represent  the  tangential  strain  •  by  100,  the  results  of  these  cal 
culations  may,  for  comparison,  be  conveniently  tabulated  as  follows: 

(1.) 

Parrott  lOO-pounder  (or  GA-inoh)  rifle. 


Twist 

Weight 
of  projectile. 

Strains  at  mazr.le. 

Tangqitial. 

Torsion. 

Longitudinal. 

Increasing. 

101  pounds. 

100 

0.1319 

0. 0381 

(2.) 
6A-inch  rifle — one  turn  in  AOfeet, 


Twist. 


Uniform. 


Weight 
of  projectile. 


101  pounds. 


Tangential. 


Strains  at  muzzle. 
Torsion. 


100 


0.4267 


Longitudinal. 


0.1393 


(3.) 
Parrott  lOO-pounder  (or  6A-inch)  rifle. 


Twist. 


Increasing. 


Weight 
of  projectile. 


101  pounds. 


Strains  at  one-third  distance. 


Tangential. 


100 


Torsion. 


0.0717 


Longitudinal. 


0.0182 


(4.) 
GA-inch  rifle — one  turn  in  AO  feet. 


Twist 

Weight 
ofprqjectile. 

Strains  at  one- third  distance. 

TangentiaL 

Torsion. 

LongitudinaL 

Uniform. 

101  pounds. 

100 

0.8445 

0.2766 

(5.) 
United  States  12.25-tno^  M,  L.  rifles-one  tarn  in  70  feet. 


Twist 


Uniform. 


Weight 
ofprc^jectile. 


700  pounds. 


Strains  at  muzzle. 


Tangential. 


100 


Torsion. 


0.0687 


Longitudinal. 


0.2466 


(6.)  ! 

United  States  12.25-indi  M.  X.  rifle— ^ne  turn  in  70  feet.  i 


Twist. 


Uniform. 


Weight 
of  projectile. 

700  pounds. 


Strains  at  one-third  distance. 


Tangential. 


100 


Torsion. 


2.08 


Longitudinal. 
0.5206 


*At  oue-third  diptauce  for  6.4-incb  rifle,  C= 9537457  pounds;  at  muzzle,  0  =  8422050 
pounds. 
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These  ratios  would  indicate  (as  remarked  by  Professor  Bartlett  in  refer- 
ence to  the  Parrott  twist)  that  the  failure  of  rifled  guns,  with  reasonable 
twists,  must  be  sought  in  some  cause  other  than  the  superaddition  of 
the  pulling  and  twisting  strains  to  that  which  acts  to  split  the  piece; 
and,  so  far  as  the  principles  of  rifling  are  concerned,  these  guns  may  be 
made  as  safe  as  the  common  smooth-bores. 

Tables  1,  2,  3,  and  4  were  calcalated  for  a  pressure  of  81,000  pounds 
per  square  inch  of  bore  and  an  initial  velocity  of  1,250  feet;  while  tables 
5  and  6  were  calculated  for  a  pressure  of  33,500  pounds  per  square  inch 
of  bore  and  an  initial  velocity  of  1,485  feet. 

In  the  first  case,  we  find  an  enormous  tangential  strain  due  to  the 
enormous  pressure,  and  small  torsion  and  longitudinal  strains  due  to 
the  small  velocity. 

In  the  second  case,  we  find  a  comparatively  small  tangential  strain 
due  to  the  small  pressure  of  the  hexagonal  powder,  and  increased  tor- 
sion and  longitudinal  strains  due  to  the  fair  velocity  of  1,485  feet. 

By  air-spacing,  the  tangential  strain  may  be  still  maintained  constant 
while  the  torsion  and  longitudinal  strains  are  farther  increased. 

AN  INCREASING  TWIST. 

If  Pj  denote  the  pressure  of  the  gas  on  one  square  foot  of  surface, 
then 

The  formulas  for  an  increasing  twist  are 

1?       Yl — v\'  ^^ 

at*  V. n.l.g        \2    ly 

I  d»r_  r^*^    .    /-l     y\  i>..g-^.A-+W.V^^.cot(^».y) 


(30) 


0=i)i.2v.(y  +  c).  (31) 

At  the  mooth  of  the  gau  y  =  lf  and  the  working  formulas  for  an  in- 
creasing twist  become 

-2 

A  = ^;  (32) 
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p   ^    ^y  ^  K     -^  ^\^    Pi-  '^^  ^ 

^*      "•'  1  +  A.^^;        (®) 

n.  y.  r 

V 

V •  de^  "*  n.l   * ^   ^  jr*.^!*.  (34) 

C  =  2|)i .  V  («  +  c).  (35) 

RADIUS  OF  GYRATION. 

Lieut.  Lawrence  L.  Bruff,  Ordnance  Department,  found  the  radius  of 
gyration  of  a  700-pound  Butler  projectile  as  follows: 

The  projectile  was  suspended  from  an  axis  passing  through  its  body 
near  the  periphery  and  parallel  to  its  axis  of  rotation.    The  data  were 

Length  between  axes,  c  =  3^^96875. 

Latitude  of  Eock  Island  Arsenal  =  41o  31'  22''.8  =  ¥. 

]^umber  of  vibrations  of  projectile  per  minute  =  131. 

1st.  g  =  32.170859  feet. 

2d.  Simple  seconds  pendulum  l^  =  3.259573  feet. 

3d.  Equivalent  simple  pendulum  =  Z.       ^ 

I  =  JM^f^^-  =  3.259573  x  3600:' 

7860^ 
(Bartletfs  Mechanics^  pp.  257,  258.) 
I  =  .68378  feet  =  8.20536  inches. 

4th.  To  find  ^i  in  reference  to  axis  through  center, 

Mfri»  =  Mfe  -  Mc*,  or  Jti*  =  /€  -  a^ 
fe,«  =  16.81405,  fci  =  4.1005358  inches. 

The  Butler  projectile,  consisting  of  a  cylindrical  body  with  an  ogival 
head,  has  a  core  which  is  also  a  cyBnder  terminated  at  both  ends  ogivally 
by  heads  struck  with  different  radii.  Even  if  the  form  and  variation 
in  weight  of  the  brass  sal>ot  be  left  out  of  the  question,  the  body  is  not 
continuous  throughout,  and  it  would  be  difficult,  if  not  impossible,  to 
find  a  reliable  radius  of  gyration  by  any  operation  of  the  calculus.  For 
all  practical  purposes  this  factor  for  similar  Butler  projectiles  may  be 
found  by  making  their  masses  proportional  to  the  cubes  of  their  radii 
of  gyration. 

Part  II. 

MATERIALS  AMD  DIMENSIONS   OF  OUNS. 

{1.)  It  has  been  shown  that  the  principle  of  rifling  is,  of  itself,  no  suf- 
ficient cause  of  the  disasters  which  have  characterized  some  of  our  artil- 
lery practice,*  and  that  if  these  disasters  did  not  wholly  arise  from  sheer 
carelessness,  as  many  doubtless  did,  the  source  of  trouble  must  be  sought 
outside  of  the  mere  fact  of  rifling. 

*  Professor  Bartlett  refers  to  the  large  unmber  of  Parrott  ^ans  that  burst  duriugr  the 
late  war,  especially  at  the  siege  of  Charleston.  On  Morris  Island  there  was  do  car^ess^ 
ness  in  working  the  suns  that  human  watchfulness  could  prevent.    Generals  Alfred  H. 

erry  and  John  W.  Turner  had  immediate  charge  of  the  artillery  operations,  and  they 
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(2.)  It  does  not  appear  that  the  propagation  of  molecnlar  disturbance, 
by  which  alone  the  forces  of  resistance  to  the  expanding  action  of  gases 
are  developed  and  brought  into  action,  has  ever  been  duly  considered  in 
the  choice  of  the  material  and  adjustment  of  the  dimensions  of  guns,  and 
yet  it  is  of  all  considerations  the  most  important. 

In  the  preceding  pages  an  attempt  has  been  made  to  construct  a  set 
of  formulas  by  which  to  compute  the  strains  upon  rifled  guns.  It  is  now 
proposed  to  indicate  the  influence  which  the  rate  of  molecular  disturb- 
ance has  upon  the  capacity  of  a  gun  to  resist  the  more  important  of  these 
strains  called  the  circumferential  (tangential). 

(3.)  It  is  well  known  that  the  velocity  of  molecular  disturbance  is  in 
nowise  dependent  upon  the  intensity  of  the  initial  forces  which  produce 
it,  but  results  wholly  from  peculiarity  of  molecular  structure  that  deter- 
inines  elasticity  and  density.  This  velocity  is  always  the  same  in  the  same 
body;  and  a  body  to  preserve  its  identity,  in  this  connection,  must  pre- 
serve its  temperature  and  the  external  pressure  upon  it  unchanged.  The 
material  of  a  gun  after  repeated  firing,  by  which  it  becomes  heated  and 
thrown  into  a  new  setj  is  not  the  same  as  before  the  firing  began. 

(4.)  It  is  by  the  propagation  of  molecular  disturbance  that  the  forces 
of  resistance  are  developed  and  brought  into  action,  and  the  rate  of  this 
propagation  is  measured  by  the  velocity  of  sound  in  the  gun  material. 

(5.)  When  powder  isburned  behind  a  projectile,  the  first  action  of  the  ex- 
pimding  gas  is  to  enlarge  the  bore  and  compress  the  nietal  in  the  direction 
of  the  radius,  and  this  action  may  be  so  intense  and  sudden  as  to  break 
up  the  molecular  structure  within  before  the  outer  portion  can  come  to 
its  support,  and  tear  the  gun  as  an  ordinary  force  would  a  piece  of  cloth 
apphed  to  its  edge.  This  would  be  the  case,  for  instance,  with  an  active 
fhlminate,  in  which  the  limits  of  stable  equilibrium  of  the  chemical  forces 
are  very  narrow. 

(6.)  Take  the  following  notation,  viz : 

M  ==  Modulus  of  the  gun's  material. 
p  =  Pressure  of  the  gas  on  unit  of  surface. 
V  =  Radius  of  bore. 
c  =  Thickness  of  gun. 
{ =  Length  of  bore  on  which  p  is  exerted. 
V  =  Telocity  of  sound  in  gun  material. 

t  =  Time  since  the  beginning  of  the  explosion  to  the  instant  of 
greatest  action. 
Qr  =  Quantity  of  work  of  gun  resistance. 
Qp  =  Quantity  of  work  of  the  expanding  gas  on  gun. 

• 

(7.)  Take  the  axis  of  the  gun  for  the  axis  of  y — a  line  at  right  angles 
thereto  for  that  of  x.    The  circumference  of  the  bore  before  firing  will  be 

and  at  any  time  after  the  explosion  begins, 

2  ff  (v  +   (Tv), 

were  constantly  in  the  batteries,  superintending  the  lire  and  instructing  the  men.  The 
banting  of  sheUs  within  the  bore,  which  often  happened.  especiaUj  when  they  con- 
tained any  of  the  so-oaUed  ''Greek- fire''  humbug,  probably  assisted  in  breaking  some 
of  these  guns.  The  30  and  300  pounder  Parrots  worked  admirably ;  the  100-pounder 
^M  a  passable  emergency  sun,  while  the  200-pounder  was  Justly  dreaded  by  eyery- 
My  compeUed  to  be  near  it  when  it  was  fired. 
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in  which  trv  is  the  increase  of  v.    And  the  expansion  of  the  circnrnfer- 
ence  will  be 

2  :r  (y  +  ^^)  —  2  ttv  =  2  ;r  .  jtVj 

and  on  a  nnit  of  length, 

2  It  (TV         (TV 


qizv        V 


• 


Conceive  a  circular  ring  of  radius  x^  and  of  which  the  plane  is  per- 
pendicular to  the  gun's  axis,  and  let  the  area  of  a  section  of  this  ring, 
by  a  plane  through  the  axis,  be  dx .  dy. 

When  the  circumference  of  the  bore  is  expanded  by  2  tt  •  trv,  that  of 
this  ring  will  \ye^2i:  .ax)  and  on  a  unit  of  length 

2n  .(TX ax* 

2nX    ^  ^ 

By  the  principles  of  wave  propagation, 


ax      av     „•    /I      Vf  +  y  —  a? \  * 


with  the  condition  that 

V*  +  V  >  a?,  (2) 

without  which  the  disturbance  will  not  move  fast  enough  to  develop 
resistance  by  the  time  it  is  needed. 

The  molecular  resistance  on  a  unit  of  surface,  supposing  every  ele- 
ment of  the  unit  to  exert  a  resistance  equal  to  that  on  dx .  dy,  will  be 

X 

And  on  the  elements  dx .  dy^ 

M-^.  dx.dy. 

X 

The  elementary  quantity  of  work  of  this  resistance,  on  a  unit  of  length 
of  the  ring,  will  be 

M  .  —  .  d  —  ,  dx  ,  dy , 

XX 

which  integrated  between  the  limits  —  =  o  and  ~  =  — ,  will  give  the 

•  XXX 

work  of  resistance  in  a  unit  of  length  of  the  ring.    This  integration 
gives 


l^i^'-^y.da^.dy, 


*  BarlUtt^s  Aooustioa  and  Optica,  page  58.  The  quantity  Vi  -f  v  denotes  the  linear 
distance  of  the  front  of  the  wave  or  palse  from  the  source ;  Vf  -f-  v  —  x,  the  distance 
of  the  molecnle's  place  of  rest  from  the  wave  front. 
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and  in  the  entire  ring 

2  1CJ? .  -  M .  -^  .  dr .  dfy  =  JT .  M .  —3-.  xix .  dy. 
Replacing  —  by  its  value  in  the  wave  fdnction  (1),  and  indicating  the 
integration  within  the  limits  of  {  and  c^  we  get 

Qr=    I  I  ^.M.^  dy  sin^r^^^^^^'^^^a^da?, 

or         ^  =  or  ?r ,  M .  -^  •  1 .     1  (j'  +  ^)*  —  v  ***  +  o  ^^  +  ^)  •  —  ' 

'^"('•f,)-(^*)-'-G'T,)]      ^  *" 

(8.)  In  the  incipient  state  of  powder  inflammation  the  gas  pressure  is 
zero,  and  this  pressure  reaches  a  maximum  when  the  bore  is  most  en- 
larged. Denoting  by  j>  the  varying  value  of  the  pressure  upon  a  unit 
of  surlace;  by  P  its  maximum  value;  and  by  ((tv)  the  varying  value  of 
w,  we  may  write 

The  pressure  upon  the  interior  surface  of  which  the  length  is  I  is 

2  ;r .  y ,  I  .|>  =  2  TT .  V .  I .  P.  sin  f  ^  ^  ^^  )  j 

and  the  work  of  this  pressure  from  the  beginning  till  the  bore  has  its 
greatest  expansion  is 

/{ay)  =  0  /^  1       /     \  \ 

2w.»/.LP.sinr  ^TT^^  j<2(<rv)  =  4.y.crvJ.P. 

But  Qr  and  Qp  must  be  equal.  Hence,  after  omitting  the  common 
factors  and  multiplying  by  v,  we  have 

(^7■''"■(^■f,)]=^■•^• 

(9.)  Make  f  =  the  variable  ratio  of  the  sine  to  its  arc;  that  is^ 

sin  (  .  ^  ) 
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,^       V2         YtJ  (6) 

(2-"-Vl) 


and  we  liave 


(10.)  The  least  possible  value  for  ^  is  zero,  and  this  will  occur  when 

or  when  the  molecular  disturbance  only  reaches  the  outer  surface  of  the 
^n  at  the  instant  of  greatest  action  on  the  bore,  in  which  case  the  outer 
layer  of  molecules  wUl  afford  no  aid  whatever. 

If  c    >i 

then  the  disturbance  would  fall  short  of  the  outer  surfB.ce  at  the  instant 
of  greatest  action,  and  all  that  part  of  the  gun  beyond  the  wave  front 
would  be  useless. 

(11.)  The  greatest  value  for  ^  is  unity,  and  this  will  happen  when  the 
arc  is  so  small  that  the  sine  may  be  taken  equal  to  the  arc;  that  is,  when 
the  moleccdar  disturbance  moves  with  great  rapidity  and  the  powder 
burns  very  slowly. 

(12.)  The  velocity  of  sound  through  cast-iron  is  about  18673  feet  a 
second;  and  it  is  stated  in  Benton^s  Ordnance  and  Ounnery^  page  48,  that 
a  grain  of  powder  of  a  particular  kind,  and  having  a  diameter  of  0.056 
inch,  will  bum  up  in  0.056  of  a  second.    Making,  therefcnre, 

V  =    18673' 
t  =  0.056« 
we  And    Vt=    1045'.7 

^=0.003. 

V  T 

(13.)  So  that  in  ordinary  practice  ^  and  ^i  may  be  taken  as  equal  to 
unity,  and  equation  (7)  becomes 

or 

M<rv       8        P  .  V* 

V       n    cr  +  2ev  ^  ' 

The  first  member  is  the  tensile  strain  ui)on  a  unit  of  surface  of  a  sec- 
tion through  the  axis,  each  element  of  the  surface  having  the  same 
strain  and  equal  to  that  on  a  cross-section  of  the  circular  filament  in  the 
surface  of  the  bore. 
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(14.)  Solving  with  respect  to  P, 

p^|.M.^.£i£+2jL),  .       (10) 

I 

which  gives  the  internal  pressure  just  sufficient  to  produce  the  tensile 
strain  M  •  — . 

(15.)  Solving  with  respect  to  <rv,  we  have 

which  gives  the  enlargement  of  the  bore. 
(16.)  Dividing  both  members  of  equation  (9)  by  P  there  will  result, 

M    ~ 

which  gives  a  direct  relation  between  the  tension  of  the  gas,  as  meas- 
ured by  its  pressure  on  unit  of  sur&ce  of  the  bore,  and  the  tensile 
strain  upon  the  material  of  the  gun  on  an  equal  extent  of  section  through 
the  axis.    This  for  the  same  gun  is  constant. 

(17.)  Solving  equation  (9)  with  respect  to  c^  we  find 

1=F    / 
c  =  -vl  '^  ""    "^L^    I  (13) 


This  will  give  the  thickness  necessary  to  resist  the  pressure  P,  which 

V 

upi)er  sign  being  taken  to  satisfy  the  inequality  (2). 


develops  the  tensile  strain  M  — ,  the  radius  of  the  bore  being  v,  and  the 


(18.)  On  the  other  hand,  if  the  powder  be  excessively  quick,  Yt  would 
become  comparatively  small.  Let  us,  for  illustration,  suppose  it  equal 
to  0,  which  would  bring  the  wave  front  only  to  the  outer  surface  of  tiie 
gun  when  the  gas  has  its  greatest  action ;  then  would 

9>  =  0,  and  spi*  =  -,, 

It 

and  equation  (7)  would  become,  writing  Oi  for  c, 

.         M.l'.g(.  +  c,,._l^-l.<„.]=l.P.^, 


or 


«-T-['i^*--+j'«.]=*-''-'' 
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and  solving  with  respect  to  Ci, 


<") 


which  is  much  greater  than  the  value  for  c  as  given  by  equation  (13),  and 
which  shows  that  a  gun  having  its  dimensions  properly  adjusted  to  slow 
powder  might  fail  under  the  action  of  one  much  quicker.  Indeed,  there 
can  be  no  doubt  that  many  good  guns  have  been  broken  by  the  use  of 
powder  rendered  unfit  for  cannon  practice  by  its  superior  quickness. 
Quick  powder  gives  no  better  range,  often  crushes  the  projectile  in  shell 
^ng,  and  unnecessarily  taxes,  if  it  does  not  destroy,  the  gun.  Its  use 
shoidd  be  avoided. 

The  velocity  of  molecular  disturbance  increasen  with  an  increase  of 
elasticity  and  diminution  of  density.  Oun  metal  should,  therefore,  pos- 
sess the  greatest  ela^sticity  and  least  density  consistent  with  high  tenacity. 

(19.)  In  the  report  of  the  Constructor  of  Ordnance  on  the  casting  of 
the  12.25-inch  muzzle-loading  rifle  at  the  South  Boston  Foundry,  May 
30, 1877,  the  tenacity  of  the  Dover  &  Muirkirk*  gun-iron  is  given  at 
33,881  x)ounds  for  a  radial  specimen  taken  from  outside  of  gun  at  about 
19  inches  from  muzzle. 


This  is  the  value  of  M  —  at  the  breaking  point  for  this  quality  of  iron. 

V 

Taking  the  case  of  the  12.25-inch  rifle,  we  shall  h&ve 


M  -  =  33881  pounds, 

V  =  0'.509876 
c  =  l'.78125,t 

which  in  equation  (10)  give 

P  =  256382  pounds 

for  the  pressure  on  a  square  inch  of  bore,  which  would  be  sufficient  to 
break  a  gun  made  of  the  Dover  &  Muirkirk  iron  and  having  the  dimen- 
sions of  the  12.25-inch  rilfle. . 

(20.)  In  the  report  of  the  United  States  Ordnance  Board  |  on  the  trial 
of  the  12.25-inch  rifle,  it  appears  that  this  gun  was  fired  March  15, 1878, 
with  a  charge  of  115  pounds  of  Dupont's  hexagonal  powder  and  a  But- 
ler projectile  of  700  pounds^  giving  a  pressure  of  33,500  pounds  per  square 
inch  of  bore.    Hence  making 

P  =  33500  pounds, 
V  =0^.509875 
0  =1'.78125 

and  substituting  in  equation  (9),  we  have 

M  —  =  4444  pounds 

V 

for  the  tensile  strain  on  a  square  inch. 


*  Equal  quantities  of  Dover  &  Muirkirk  were  used  in  charging  the  furnaces. 
t  Calculated  for  the  entire  thickness  of  the  gun  as  though  it  were  all  oast-iron.    The 
wrought- iron  tube  still  further  strengthens  it  and  enables  it  to  bear  a  greater  strain. 
t  Report  of  the  Chief  of  Ordnance,  1878,  page  437.  w 


■ 
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(21.)  Froin  the  report  of  the  Constructor  of  OrdnaDce*  concerning  the 
easting  of  the  12-inch  rifle  at  South  Boston  Iron  Foundry,  March  19, 
1877,  it  appears  that  the  average  elastic  limits  of  the  specimens  of  mixed 
Dover  &  Muirkirk  iron  were  for  a  strain  of  extension  9,500  pounds,  and 
for  a  strain  of  compression  8,250  pounds.  The  average  extension  and 
eompressiou  x>er  inch^corresponding  to  these  figures  were  0.00051125  and 
0.0OO99  inches. 

The  modali,  computed  from  these  data,  are  for  the  extension, 

M  =  18581900; 
and  for  the  compression, 

* 

M  =  8333333. 

Every  variation  in  the  modulus  requires  a  corresponding  variation 
in  the  value  of  Cj  equation  (13).    And  that  a  gun  may  be  uninjured  by 

firing,  the  value  of  M  ~-  should  never  exceed  the  maximum  tension,  or 

compression,  from  which  the  gun  may  recover  its  dimensions  and  keep 
its  molecular  structure  unaltered.  This,  in  the  present  case,  is  8,250 
pounds,  and  which  in  equation  (10)  will  give,  in  the  case  of  any  gun 
made  of  this  iron,  and  whose  radius  and  thickness  are  respectively  y 
and  e,  the  maximum  gas  pressure  to  which  such  gun  should  be  exposed. 
This  prescribes  a  rule  for  the  treatment  of  guns  in  actual  service. 

(22.)  If  the  exigencies  of  an  occasion  require  a  greater  pressure, 
then  the  gun,  after  a  certain  number  of  rounds,  should  be  thrown 
aside,  broken  up,  and  recast. 

(23.)  But  if  it  be  the  question  to  construct  a  gun  to  bear  a  given  gas 

pressure,  and  of  which  the  material  will  bear  the  tensile  strain  M  — 

^thout  change  of  molecular  structure,  we  have  only  to  substitute  the 
given  pressure  P  and  the  tensile  strain  in  equation  (13)  to  find  the 
necessary  thickness. 

It  is  quite  apparent  that  all  guns  have  their  limits  of  endurance,  and 
that  these  limits  are  somewhat  narrow.  Those  charged  with  their  use 
have  ever  at  hand  the  means  of  pushing  them  beyond  these  limits,  and 
these  means  they  are  very  apt  to  apply  unless  restrained  by  well-detined 
and  very  positive  rules.  These  rules  require  a  knowledge  of  the  rela- 
tions which  connect  the  proportions  of  the  constituents  of  powder,  den- 
sity, size  of  grain  and  volume,  with  the  pressure  which  the  gas  arising 
from  its  combustion  exerts  upon  the  bore  of  the  gun.t 

(24.)  It  is  of  importance  to  gun  practice  that  the  pressures  of  gas  aris- 
ing from  the  burning  of  different  kinds  of  powder  be  accurately  ascer- 
tained, and  a  series  of  experiments,  free  from  all  objections  and  having 
for  its  object  to  supply  this  information,  is  desirable. 

*  Report  of  the  Chief  of  Ordnance,  1877,  pages  673  to  680,  inclnsive. 

tProfeiisor  Bartlett  then  states  that  we  do  not  possess  this  knowledge,  and  refers  to 
aia  objections,  founded  upon  the  principles  of  mechanics,  to  Major  Kodman's  infer- 
ences irom  his  plug  experiments.  In  support  of  these  objections  he  gives  a  table  show, 
iog  the  results  of  a  series  of  experiments  by  Mr.  Parrott  with  one  of  his  lOO-pounders, 
^^  says  it  is  sufficient  simply  to  run  the  eye  over  the  last  two  columns  and  nots 
tlie  almost  entire  absence  of  correspondence  between  the  plug  indications  and  the 
i^ges  to  be  satislied  of  the  little  reliance  to  be  placed  upon  the  former.  To  deter- 
mine the  gas  pijBsaure  lie  takes  »  block  of  copper,  neither  hammeriHl  nor  rolled,  and 
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(25.)  To  fiud  the  greatest  gas  pressure  to  which  a  gan  of  given  dimen- 
sions should  be  subjected  without  impairing  its  quality  of  endurance  it 

presses  the  catter  to  it  by  a  dead  weight  without  velocity,  so  that  the  resistance  of 
the  copper  may  measure  the  weight.  He  assumes  as  the  law  which  conuects  the  re- 
sistuice  with  the  penetration 

W  =  Ax» 

in  which  m  is  a  constant  as  well  as  A ;  both  to  be  found  by  experiment,  and  deduces 
the  following  equation : 

^_(2taniQ)'°.W  (1) 

ym 


in  which 


W= Weight  equal  to  copper  resistance, 
a; = Depth  of  penetr 
y  =  Length  oi  cut. 
Q = Angle  of  cutter. 


Depth  of  penetration  of  cutter. 
01  cut. 


^  =  Length 
5 = Angle  o 
A  =  Copper  resistance  for  unit  of  penetration. 


By  repeated  trials  with  different  weights,  but  with  the  same  cutter  and  co]>per,  a 
series  of  values  for  m  and  A  may  be  found,  and  these  being  treated  by  the  principle  of 
least  squares  will  give  the  most  probable  values  for  the  constants  m  and  A. 

The  copper  should  not  be  beaten  or  rolled,  but  simply  cast  and  planed  to  a  smooth 
sarfa«e  with  a  very  sharp  tool. 

He  finds  the  value  of  m  from  this  expression : 

__Log  Wi  —  Log  W 

Log  yi  — Logy  (2) 

in  which  yi  is  the  length  of  cut  corresponding  to  the  weight  Wi. 

To  supply  these  preliminaries  to  the  finding  of  gas  pressures  he  observes  that  when 
the  powder  begins  to  bum  the  pressure  is  notning,  and  at  the  close  of  the  action  it  is 
iJso  nothing;  that  is,  the  initial  and  terminal  values  of  the  pressure  are  zero,  havinj^  a 
maximum  value  somewhere  between.  He  gives,  as  the  simplest  law  of  continuity 
which  connects  these  varying  values  together,  the  expression: 


p  =  F.9mlir,^\ 


in  which  p  denotes  the  pressure,  in  pounds,  upon  the  plug-head,  P  the  maximum  pres- 
sure upon  the  same,  and  I  the  greatest  value  for  x,  or  the  entire  penetration.  Denot- 
ing by  a  the  maximum  value  of  y,  or  the  entire  length  of  the  cut,  answering  to  { he 
finds  from  his  previous  analysis 

/= ^ , 

2  tan  i  Q 

and  finally 


2(iii-|.l)   '    *  \2taniQ/    • 


A  and  m  are  known,  equations  (1  and  2) ;  a  may  be  measured  bv  the  Filar  micrometer 
with  great  accuracy,  whence  P  becomes  known.  The  value  of  P,  multiplied  by  the 
ratio  of  the  area  unity  to  that  of  the  plug-head,  gives  the  pressure  on  unit  of  su^aoe, 
or  P  in  equation  (7). 

He  objects  to  the  form  of  Rodman's  cutter,  and  states  it  would  be  much  better  to 
use  a  conical  point,  and  rely  upon  a  Filar  micrometer,  with  great  magnifying  power  in 
the  eye-glaf^s,  to  measure  the  surface  diameter  of  the  penetration. 

The  theory  of  Professor  Bartlett  has  been  adopted  by  Lieut.  Henry  Metcalfe,  Ord- 
nance Department,  in  the  construction  of  the  spiral  pressure  gaug^.  In  the  report  of  the 
Chief  of  Ordnance,  for  1877,  Lieutenant  Metcalfe  says :  *'  In  this  connection,  the  remark 
of  Professor  Bartlett  in  his  pamphlet  on  strains  on  rifle  guns,  page  31,  occurred  to  me, 
viz,  that  the  form  of  the  Rodman  cutter  seemed  objectionable,  and  that  it  would  be 
better  to  use  a  conical  point,  and  measure  the  surface-diameter  of  its  penetration  by  a 
Filar  micrometer  of  high  magnifying  power.  I  thought  that,  by  devising  some  plaA 
of  readily  measuring  the  penetration  of  this  conical  point,  the  compactness  of  the  one 
plan  might  be  combined  with  the  simplicity  of  the  other." 
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will  be  only  necessary,  as  previously  stated,  to  substitute  in  equation 

(10)  for  M  — ^  the  greatest  strain  (of  extension  or  compression)  from 

wbicb  the  material  may  recover  its  former  figure  after  being  relieved. 
In  the  case  of  the  Dover  &  Muirkirk  iron  this  is  8,250  poundi,  and  for 
the  I2.25'inch  rifle  we  find 

P  =:  62000  pounds. 

(26.)  Again,  let  it  be  required  to  find  the  thickness  of  a  12.25-inch 
rine  to  be  subjected  to  a  gas  pressure  double  this,  and  yet  the  strain  (of 
extension  or  compression)  from  which  the  material  may  recover  its 
former  figure  not  to  exceed  8,250  pounds.    Then  equation  (13) 

c  =  2'.6854, 

which  is  the  thickness  necessary  to  resist  a  pressure  equal  to  twice 
62000  pounds  without  incurring  a  strain  (of  compression  or  extension) 
greater  than  8,250  pounds.  It  is  quite  apparent  how  these  numbers  will 
vary  with  the  nature  of  the  gun  metal.  In  the  testing  of  a  new  gun, 
means  should  be  provided  for  measuring  the  pitch  of  the  sound  with 
which  it  responds  to  a  blow  from  a  light  hammer  on  the  face  of  the 
muzzle  after  every  discharge.  Altered  tone  will  indicate  altered  struc- 
ture. 


APPENDIX  23. 

RATIONAL  AND  PRACTICAL  BALLISTICS.— NEW  METHODS  FOR  SOLVING 
PROBLEMS  OF  FIRE.  BY  F.  SIACCI,  CAPTAIN  OF  ARTILLERY,  MEMBER 
OF  THE  ITALIAN  ACADEMY  OF  SCIENCES. 

[Translated  from  the  French,  and  adapted  to  the  English  system  of  weights  and 
measures,  hy  Lieat.  Orin  B.  Mitcham,  Ordnance  Department,  U.  S.  A.] 

West  Point,  N.  Y.,  April  27, 1881. 

SiB:  I  have  the  honor  to  transmit  herewith  translation  of  the  article 
by  Captain  Siacci,  of  the  Italian  artillery,  published  in  the  Revue  d'Artil- 
lerie  for  the  month  of  October,  1880.  I  have  changed,  as  far  as  practi- 
cable, French  weights  and  measures  to  English  units,  and  have  added 
a  ballistic  table,  which  I  have  calculated  from  the  formulas  given  in  the 
article. 

In  view  of  the  high  velocities  obtained  lately  from  improved  guns,  I 
have  begun  the  table  with  a  velocity  of  2^200  feet.  To  secure  this 
result,  I  have  taken  the  resistance  of  the  air  to  vary  as  the  square  of 
the  velocity  above  1,380  feet  per  second.  Professor  Bashforth,  in  his 
pamphlet  on  recent  experiments  in  England  to  determine  this  resistance, 
seems  to  agree  with  the  supposition  that  it  varies  according  to  this  law, 
even  beyond  2,200  feet  per  second.  The  values  of  p'  given  in  section  6 
have  not  been  changed,  as  I  have  not  been  able  to  ob&in  the  data  from 
which  they  were  calculated. 

General  Mayevski,  in  his  Treatise  on  Ballistics,  fails  to  give  the  de- 
tails from  which  each  value  was  obtained,  though  he  gives  the  results 
of  his  own  experiments,  as  well  as  of  the  English  experiments,  as  laid 
down  in  the  section  referred  to.  I  have  added  to  the  article  range  tables 
calculated  for  the  8-inch  (converted)  rifle  and  the  12-inch  breech-loading 
rifle  (proposed  model). 

I  am,  sir,  very  respectfully, 

O.  B.  MITCHAM, 
Lieutenant  of  Ordnance. 

The  Chief  of  Ordnance,  U.  S.  Abmy, 

Washington,  2>.  0. 


RATIONAL  AND  PRACTICAL  BALLISTICS. 

•  •  •  •  •  •  • 

Section  3. 

To  deduce  the  scientific  base  of  the  ballistic  table,  let 

a  =  the  diameter  of  the  projectile, 
p  =  the  weight  of  the  projectile, 
V  =  the  velocity. 

The  resistance  of  the  air,  if  it  be  supposed  directly  opx>osed  to  the 
movement  and  referred  to  the  unit  of  mass^  can  be  represented  gen- 

218 
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a« 


erally  by  —  F('»),  F(p)  being  a  fanction  that  increases  with  the  velocity. 
The  differential  equations  of  the  motion  can  be  reduced  to 


€? 


gd{vcoB0)  =  —v¥{v)  d  0, 

gdx=  —  t^dOy  )  (1) 

dx 

dt=  n 

V  ooB  e^ 

in  ^wMch  g  is  the  intensity  of  the  force  of  gravity,  t  the  time  of  flight,  x 
tiie  horizontal  distance  of  any  point  of  the  trajectory,  and  0  the  inclina- 
tion  of  the  tangent  at  this  point.  These  equations  not  being  in  general 
capable  of  integration,  to  make  them  so  recourse  is  had  usually  to  an 
alteration  in  the  expression  for  the  resistance )  for  F(t7)  there  is  substi- 

tated  — ^  —^—9  «  being  a  constant  to  which  is  given  the  mean  value 

aCOS^      ^  o  e 

that  the  sec  e  has  in  the  arc  of  the  trajectory  under  consideration.  The 
error  committed  is  small  when  the  Are  is  not  very  curved. 

This  being  established,  let  us  place  av  cos  0  =  u.    The  two  first  equa- 
tions reduce  to 

a*     ,  udu  ,o\ 


i>     "  F(w)' 

a*    do    _^  gdu  ^ 
pa  cos*  0"^  u  F(u) ' 


(3) 


if  we  place 


-/ 
f 


udu      T\/  \ 

F(w)  ^    '' 


-J^  =  *^(«)' 


(4) 


there  is  obtained  by  integration 

|aa;  =  D(«)-D(U);  (5) 

^  (tang  ^  -  tang  9.)  =  -  I  («)  -  I CU),  (6) 

^  being  the  angle  of  projection,  V  the  initial  velocity,  and  U  =  a  V  cos  ^r. 
From  equation  (6) 


|'(|-'-«')-MtJ)  =  lMi 


^nultiplying  this  member  by  member  with  equation  (2)  we  get 
^  (dy -  dxtangf)  -'^-HXJ)  adx  =  ^^udu, 
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and  by  integration 

^(y-xtang^)-«-I(U)aa;=-A(tt)  +  A(U);  (7) 

having  placed,  in  order  to  shorten  the  work, 

Dividing  equation  (7)  by  equation  (5)  we  have 

_(^?-tangs.)-I(U)  =  -jJ^^^  (9) 

For  the  time  of  flight  the  third  of  equations  (1)  gives : 

a*  , .      a^adx 
p  p    u  ^ 

by  eliminatiug  adxhj  means  of  equation  (2), 


a*  , .  du 


and  by  integration 


if  we  place 


p  F  {uy 


|t  =  T(u)-T(U),  (10) 


Summing  up,  then,  we  have 

a^  =  -^  r  D  (w)  -  D  (a  Vcos f)  1.  (12) 

tang  e  =  tang  ^  —  ^T I  (ti)  —  I  (a  V  cos  f )  |.  (13) 

X  "  **''^  ^     2a^  llfiu)  :^15'(TV^5s^)  -  M«  ^  cos  ?>) J.        (14) 

t  =  -J[t  (li)  -  T  (a  Vcos  ^)].  (16) 

Section  4. 

Lemma. — ^By  means  of  a  lemma  easily  admissible,  we  can  render 
independent  of  a  the  last  equations,  which  give  the  velocity,  the  inclina- 
tion, the  ordinate,  and  the  time  of  flight  for  the  distance  x. 

If  equation  (12)  be  solved  with  reference  to  k,  it  can  be  put  under  the 
form : 

tt  =  a  t?  cos  ^  =  a  Y  cos  ^  *  (a  a?,  a  V  cos  f>),  (16) 
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^  l>eiiig  a  fanction  that  reduces  to  unity,  when  the  resistance  becomes 
zero.  If  the  value  of  u  given  by  equation  (16)  be  substituted  in  equa- 
tions (13),  (14),  and  (15),  and  if  it  be  noticed  that  the  three  functions 


and 


rT(w)-T(aYcoSf)l 


are  functions  of  a  x  and  a  V  cos  f,  equations  (13),  (14),  and  (15)  can  be 
put  under  the  form : 

tang^  =  tangsp-a(^-j^|^^*i(ax,aYcos^), 

|=tangf>-a(^g^^^4|^)*,(a^,aVc0Sf), 


t=    ^^ 


V^^c     *3  {aX^aY  COS  f ). 
a  V  COS  ^ 


Or, 


tang  tf  =  tang  f  -  =^,^^  *,  (a  x,  a  V  COB  f ), 

|=t8ngf-2v^^*,(«X,aVc08f),  (17) 

X 


t  = 


= *3  (a  a?,  o  V  COS  sp), 

VC0S9>    ^^      ^  ^'^ 


^u  ^v  ^3  reducing  to  unity  when  the  resistance  becomes  zero.  The 
lemma  abready  mentioned  is  as  follows:    The  funotums  ^,  ^i,  ^s,  ^^ 

undergo  no  appreciable  variation  token  x  is  replaced  by  -,  and  at  the  same 
time  V  by  — - — .    It  will  be  seen  that  the  values  of  these  functions 

aCOS^ 

must  vary  firom  the  values  that  they  have  in  vacuo — ^that  is^  they  must 

increase  beyond  unity  in  proportion  to  the  increase  in  the  distance  and 

X                       V 
initial  velocity ;  now,  by  putting  -  for  x  and for  V,  on  the  one 

•'^  7^x'  o^  aC0Sf>  ' 

hand  the  distance  is  diminished  a  little;  on  the  other  hand,''the  initial 
velocity  is  increased  a  little,  since  a  is  generally  comprised  between  1 
and  sec  ^ . 

The  two  partial  variations  that  these  substitutions  make  the  functions 
^,  ^1,  ^tj  ^3  undergo  are  then  with  a  contrary  sign,  and  it  can  be 
admitted  in  practice  that  the  resulting  variation  is  almost  nothing. 

This  conclusion  will  be  the  more  readily  received  if  we  consider  tl^e 
values  that  the  four  functions  ^,  ^i,  ^s,  ^3  take  in  the  general  case^ 
where  the  resistance  of  the  air  is  proportional  to  a  power  of  the  veloc- 
ity ;  as,  for  instance, 


a« 


~  'F  (v)  =  C  t?». 
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We  have,  then,* 

♦ ! r, 

[1  +  (n  —  2) 0  (a  Vcos^)*-^ aa?]  •J=s 

n 

<Pi  = -7T7-TT-^— r-i — |ri+(n-2)0(aVcosf>)— (xa?l^-^-l\ 
^      nC(aVco8f)"-'aa?\L  ^^         '     ^  J  J 


2n— 2 
n— 2 


4p,  = ,  ,.,,  ^ ___-/  ri+(n  — 2)0(aVc08f)-*aa?"| 

-ri  +  2(n-l)0(aVco8^)-*aa?'l|, 


n-1 


^      (n— l)0(aYco8f)"-*aa?\  L  J  Jj 

a?  V 

If  now,  in  these  expressions,  -  and  be  put  in  the  place  of  x  and 

V,  respectively,  we  obtain 
V 1 r, 


n 


*>  =  ,rcT^{[^+("-2)^^--^]''"'-i} 


^»  =  n(n-i?0'y^{[^+(''-^)^^'"^" 


2»  — 2 

-2 


-[l  +  2  (n  -  1)  C  V-**"]  I 


n-1 

But  the  same  expressions  woald  have  been  obtained  if,  without 
changing  x  and  V,  we  had  placed  a  "-*  (cos  ^)  °~''  =  1 ;  then,  the  substitu- 
tion of  the  four  new  expressions  for  the  old  ones  is  equivalent  to  sup- 
posing that  a  =  *-*  V(8ec  f)^\  and  this  value  of  a  is  comprised  between 
1  and  sec  ^ ,  if  n  >  2.  This  being  supposed,  we  can  consider,  practically, 
that 

^  (a  a?,  a  V  COS  f )  =  *  {Xj  V), 
01  {aXjaY  COS  f )  =  *i  (a?,  V),» 
(Ps  (a  a?,  a  V  COS  f )  =  ^2  (a?,  Y), 
^3  (a  ar,  a  V  cos  y)  =  *3  (x,  V). 

*  Siacci,  Balisticft,  vol.  i,  p.  79. 
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Section  5. 

Let  it  be  supposed  that  a  table  of  the  functions  D  (it),  I  (w),  A  (u),  T  (w) 

has  been  calculated  for  all  the  values  of  Uj  and  that  we  wish  to  know 

the  Telocity  v,  the  inclination  Oy  the  ordinate  y^  and  the  time  tj  for  the 

distance  x}  the  initial  velocity  Y  and  angle  of  projection  f  are  given. 

It  will  be  necessary  to  give  to  a  a  suitable  value  and  to  calculate  U  =  a 

a' 
Y  cos  f ;  then,  to  look  for  D  (U)  in  the  table,  to  add  to  it  ax—^  and  to 

find  in  the  table  the  value  of  u  that  satisfies  the  equation 

D  (I*)  =  D (U)  +  ax-.  (18) 

Knowing  t«,  equations  (13),  (14),  and  (15)  will  give  the  inclination,  the 
ordinate,  and  the  time ;  the  velocity  v  will  be  given  by 

V  = 


acos^ 


Let  us,  however,  pursue  a  different  method.  Instead  of  placing  U  = 
a  Y  cos  ^,  let  us  place  U  =  Y,  and  instead  of  determining  u  by  equation 
f(18)  let  us  determine  it  by  this  equation: 


D{u)  =  D(V)  +  xy 
We  can  then  calculate  tang  ^,  ^,  f,  and  v  by  the  expressions: 

X 

tang^-|f,[l(«)-I(V)], 
tanir  a.  -  ^  f-^  («)  -  A  (V)  _  j  ,v)l 

J,  [t  (tt)  -  T  (V)]  , 


U 


a  COS  0 


By  using  this  method  we  would  commit  an  error,  and  this  error  would 
consist  in  supposing  the  initial  velocity  no  longer  equal  to  Y,  but  to 

Y  X 

,  and  the  distance  no  longer  equal  to  a?,  but  to  -. 

a  cos  ?>  'a 

Instead  of  the  exact  quantities  that  we  are  seeking,  0j  y^  t,  and  t?,  we 

would  obtain  other  quantities:  ^,  y'  f,  and  f',  which,  from  equations 

<16)  and  (17),  are  given  by: 

tang  ^1=  tang  ^  -  \^^^ ^,  (a?,  Y), 

( )  cosV 

V«  cos  f/ 
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(S) 

tl  =  -~^^ *3  (J^,  V), 


=  tang  ,»  -  ^^  ^  y , *,  (:r,  V), 

9 


cos^ 


a  COS  ^ 


,1-     VaC08?>y 


or, 


a  COS  0  \   T      '1 


tang  (^1  =  tang  <p  -  ?^  *i  (a?,  V), 


y^  =  tang  ^ -«:{.,?  ^,  (;r,  V), 

<i  =  ;^  *3  (^,  V), 

i?'  ==  — X_  4^  (;r,  V). 

a  cos  ^      ^   ' 

Kow,  to  tarn  from  these  erroneoas  expressions  to  the  true  expressions, 
to  formulas  (17)  and  (16),  it  will  suffice  to  divide  by  a  cos'  fp  the  terms 
that  follow  tang  ^  in  the  two  first  equations  and  to  multiply  the  values 

of  V  and  V  by and  a  cos  cp,  since,  by  virtue  of  the  lemma,  the  four 

cos  ^  r7  7      ^  7 

functions  ^,  ^j,  ^3,  ^3  have  undergone  no  change.    We  have,  then, 

tang  .  =  taug  ^  -  ^-,- [l(«)  -  I(V)] 


-  _  tang  f  -  g-^,- -^-,  ^-  j^j^-. -^—^-^-^      1  ( V )  J 


_      1> 


«  = 


a*  cos  7 


[t  («)  -  T  (V)] 


(20) 


COS  <p 

cos^    ' 


li  being  calculated  by  the  simplified  formula 


a» 


D(u)=D(V)  +  ^a?.  (21) 

K  the  angle  of  projection  is  unknown,  while  the  range  X  is  given, 
as  well  as  the  initial  velocity,  then  we  will  make  y  =  0,  and  we  will 
obtain 

u  being  given  by  formula  (21),  in  which  X  is  put  for  x. 


«r, 
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f 

The  angle  of  fall  *a  will  be  equal  to  —  ^;  introdacing  into  the  first  of 
eqnations  (20)  the  value  of  ^,  given  by  equation  (22),  we  shall  have 

j[l(tt)-I(V)j-sin2y 
tangois:  2cos*^  ' 

In  practice  this  formula  is  inconvenient  on  account  of  the  denomi- 
nator cos'  f»;  but,  by  making  a  slight  sacrifice  of  accuracy,  this  incon- 
venience is  easily  avoided.  Multiplying  the  two  members  by  2  cos'  or, 
we  have 

sin2ia=^^^^i^riw-^^''^^^^^n- 

COS  2  9>  a*  L   ^         D  (w)  -  D  (U) J 
By  replacing  the  factor  ??L^  by  unity  we  have  the  formula : 

(24)  Bin2a,  =  ^ri(t<)-^(''^""^(^n> 
^      ^  a»  L   ^^      D  (te)  -  D  (V) J 

This  formula  is  worked  as  readily  as  that  for  sin  2  9>,  and  gives  for  w 
rvalue  that  exceeds  by  an  insignificant  quantity  the  one  that  would 
be  obtained  by  the  exact  expression.  An  insignificant  error  will  also 
be  committed  by  calculating  the  velocity  by  the  formula: 

(25.)  t?  =  «t  instead  of  t?  ==  ?i^?l?. 

^  COSa# 

In  the  formulas  (21),  (22),  (23),  (24),  and  (25)  we  find  the  demonstration 
of  the  rules  laid  down  at  the  ena  of  this  article  for  the  use  of  the  bal- 
listic table.  In  the  latter,  however,  the  functions  D  (i?),  I  (t?),  and  T  (v) 
have  been  multiplied  by  100,  and  A  (v)  by  10,000,  to  avoid  the  troubte 
of  using  small  decimals.    It  is  on  this  account  that  there  appears  in. 

ttese  rules  100- instead  of  -. 

Section  6. 

Having  made  known  the  analytical  base  of  the  method,  the  numerical 
base  will  now  be  shown.  It  is  founded  on  the  experiments  carried  out 
in  Bassia  and  England  in  1868  and  1869,  on  the  resistance  of  the  air  to 
tbe  motion  of  oblong  projectiles.  In  the  Bussian  experiments  the  ve- 
locity of  .the  projectiles  at  two  points  of  the  tTajectory,  at  distances 
apart  varying  from  150  meters  (492  feet)  to  234  meters  (768  feet),  was 
nieasured  by  two  Le  Boulong^  chronographs.  The  projectiles  were  of 
oast  iron  with  a  lead  envelope,  and  of  a  caliber  of  4  pounds,  12  pounds, 
^  pounds,  and  8  inches.  The  velocities  varied  from  172  meters  (54o 
feet)  to  409  meters  (1,342  feet). 

Iq  the  English  experiments  the  Bashforth  chronograph  was  used. 
13u8  allows  the  velocity  to  be  measured  at  several  points  of  the  same 

16  OBD 
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trajectory.  Oblong  projectiles  of  7,  8,  and  9  inches  were  employed. 
The  velocities  varied  from  283  meters  (928  feet)  to  518  meters  (1,700 
feet.) 

Knowing  the  velocities  t^i  and  Vz  at  two  points  of  the  same  trajectory, 
at  a  distance  d  ap.art,  the  mean  resistance  is  determined  by  the  formula 

/t>'=  ^^  (i?i*  —  V2^)j^-  being  the  mass  of  the  projectile.  This  resistance 
can  be  considered  as  corresponding  to  a  velocity  intermediate  between 


Vi  and  v^'y  say  to  their  arithmetical  mean 


h+^=:V. 


The  different 


resistances  p  that  correspond  to  the  different  velocities,  and  that  are 
obtained  from  this  formula,  can  be  compared  among  themselves  only 
so  long  as  the  density  of  the  air  remains  the  same  and  the  projectiles 
are*  of  the  same  caliber.  When  the  experiment-s  are  not  carried  oviJb 
under  these  conditions,  the  quantity  p  must  be  referred  to  a  single  den- 
sity and  projectile.  To  obtain  this  result,  supposing  that  the  resistance 
increases  in  proportion  to  the  density  of  the  air  and  the  cross-sectioa  of 

the  projectile,  it  would  suffice  to  multiply  p  by  the  ratio  — =  (d  being  the 

weight  of  a  cubic  meter  of  air  at  the  time  of  the  experiment,  and  S  the 

area  of  the  cross-section  of  the  projectile).    But  we  usually  multiply  p 

1  206 
by— ^  — -.;   when  the  resistances  are  referred  to  the  case 'of  the  air 

weighing  1.206  kil.  per  cubic  meter,  we  obtain,  by  means  of  the  denom- 
inator t;',  quotients  that  are  less  sensible  to  variations  in  the  velocities. 
These  quotients  would  be  constant  if  the  resistance  varied  as  the 

square  of  the  velocity.    We  have,  then,  p'=.J^-p* 

The  results  of  the  Eussian  and  English  experiments  are  given  in  the 
following  table,  and  are  reproduced  graphically  in  the  figure  where  the 
velocities  are  taken  for  abscissas  and  the  values  of  p'  for  ordinates: 


Kind  of  gun. 


Baesian 
Bassian 
Basalan 
Bnesian 
BaasiaB 
BuMian 
BngUsh 
Engliah 
Bnglish 
Bngllsh 
Baaaian 
Bnaaian 
Bnglish 
Bnaaian 
Bnaaian 
Engliah 
Bnaaian 
Bngliah 


4-poander . 

8-fnch 

4-ponnder  . 
12-poundeT 
24-pounder 

8-inoh 

8-inoh 

9.inoh 

8-inch 

Tinch 

12-ponudeT 
4-ponnder  . 

0-inch 

4-ponnder  . 

8  inch 

8-inch 

24-pounder 
7-inch 


Metera. 
172 
207 
239 
247 
266 
282 
287 
291 
300 
802 
304 
307 
316 
817 
319 
320 
820 
822 


0. 0151 

0.0137 

0.0148 

0. 0170 

0.0160 

0.0163 

0.0184 

0. 0247 

0.0230 

0. 0218 

0.0221 

0.0158 

0.0305 

0.02S9 

0.  0174 

0.0277 

0.0290 

0.0270 


1 

ii§ur§, 
829 
832 
884 
837 
840 
845 
855 
358 
860 
860 
401 
409 
419 
420 
460 
508 
512 

Engliah  8-inch 

Bnsliah  9-inch 

Bnaaian  4-ponnder 

Ensliah  7-  nch 

Bnslish  8-inch 

Engliah  9-inch 

Enffliah  7-inoh 

Bnaaian  8-inch 

Enirliah  8-inch 

BnMian  4-ponnder 

Baaaian  8-  nch 

Enslinh  8-inch 

English  9-inch 

Enirliah  8-inch 

Enfrlieh  8-inoh 

Enicliah  7-inoh 

a0838 
0.0827 
0.0382 
0.0341 
0.0334 
0.0854 
0.0364 
0.0882 
0.0884 
0.0898 
0.0460 
0.0480 
0.0433 
0.0427 
0.0449 
0.0440 
a0448 


*  1.206  kil.  is  the  weight  of  a  cnbic  meter  of  air  at  15^  centigrade  (59^  Fahren- 
heit), with  a  barometrio  preasnre  of  29.5  inches,  and  with  the  air  naif  saturated  with 
▼a^r.  A  cubic  foot  of  dry  air  at  62^  F.,  and  at  a  pressure  of  30  inches  meroury, 
weighs  534.2  grains  or  0.0763  pound.    This  may  be  taken  as  a  standard  to  which 

all  the  observed  resistances  can  be  referred ;  therefore,p^=;'    r^       p,  when  English 
units  of  weight  and  measure  are  employed. — Translator. 
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It  would  not  be  difficnlt  to  find  a  continaoas  fdnction  that  would 
lepiodace  with  a  sufficiently  close  approximation  the  results  contained 
in  the  preceding  table.  However,  it  would  be  difficult  to  give  to  this 
filoction  characters  that  would  render  it  capable  of  the  integrations  in- 
dicated in  section  3,  equations  (4),  (8),  and  (11).  General  Mayevski 
has  adopted  a  discontinuous  function,  which  is  represented  geomet- 
rically by  the  broken  line  A  B  O  D.  The  three  parts  of  the  line  have 
for  equations 

ff  =  0.044  from  510  meters  (1,674  feet)  to  360  meters  (1,181  feet). 
ff  =  O.OOO0000000O26i7«  from  360  meters  (1,181  feet)  to  280  meters  (920 
feet). 

ff  =  0,012  fl  +  T-^lg  J  J  from  280  meters  (920  feet)  to  the  lowest 
velocities. 


«.  otoo 


l^locitiea  Joo^ 


2ao 


HI. 


Ooo 


m. 


m. 


Soo^' 


eoo 


m. 


It  has  seemed  to  me  that  Oeneral  Mayevskf  s  broken  line  was  suscepti- 
ble of  some  improvement.  There  are  in  it  two  angles  a  little  greater  than 
W>.  These  indicate  changes  too  abrupt,  and  consequently  too  much  in 
oontradiotion  with  the  continuity  proper  to  natural  laws.  The  discon- 
tinaity  that  is  met  with,  about  280  meters,  is  not  a  serious  inconvenience; 
for,  at  tiiat  point,  the  velocity  being  small,  the  value  of  p=p'  St^  does  not 
undergo  too  great  a  change  for  a  slight  change  in  p'.  This  is  not  the 
case  with  the  discontinuity  which  occurs  about  360  meters,  and  is  much 
more  sensible  to  variations  than  the  first.  The  great  change  at  this  point 
bas  not  seemed  to  me  justified  by  experiment,  since  from  330  met^*s 
to  380  meters  all  the  points  given,  five  in  number,  are  on  the  interior  of 
the  angle. 

A  correction  appearing  proper,  I  have  cut  the  angle  by  the  right  line 
PO,  which  has  for  its  equations  /t>'=0.00010476 1?,  and  which  meets  the 
broken  line  at  the  points  corresponding  to  the  velocities  of  343  meters 
and  420  meters. 
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In  the  following  table  is  the  comparison,  within  these  limits,  between 
the  broken  line  and  the  straight  line: 


Kind  of  gnn. 


Engllflh  8-inoli  — 
English  0-inoh  — 

SngUflh  7*inoh 

Raaaian  8-inoh  — 
Engliib  8-inolL  — 
Roflaian  4-poander 
Basaian  8-moh . . . . 
English  8-inoli.... 


Velocitiea. 

V. 


Experimental 
valnea  of 


MeUri. 
846 
355 
358 
360 
360 
401 
400 
419 


0.0854 
0.0864 
0.0882 
0.0384 
0.0883 
0.0460 
0.0480 
0.0483 


Broken  line. 


0.0868 
0.0418 
0.0427 
0.0437 
0.0437 
0.0440 
0.0440 
0.0440 


DiflTeranoe. 


+ 
+ 

+ 
+ 

+ 
+ 


0.0014 
0.0040 
0.0046 
0.0068 
0.0044 
0.0010 
0.0010 
0.0007 


StXAightUiftBw 


0.0061 
0.0872 
0.0375 
0.0877 
0.0377 
0.0420 
0.0426 
0.0438 


+  0.0007 
+  0.0008 

—  aooo7 

—  0.0007 

—  0.0016 

—  aoo80 

—  0.0002 
+  0.0006 


Another  slight  change  has  been  made.     For  velocities  below  280 
meters  the  formula  p^  =  0.01206  (l+-^\rz=  495.1,  has  been  adopted 

in  place  of  that  of  General  Mayevski,  p'  =  0.01200  fl  +  ^,  r  =  488. 

The  two  formulas  do  not  give  sensible  differences  within  the  limits  be- 
tween which  they  are  to  be  employed.    The  value  r  =  495.1,  instead  of 

488,  has  been  taken  because  this  number  gives  for  ^  a  simple  number, 

0.00004,  which  facilitates  the  numerical  calculations  that  have  to  be 
made. 

The  expressions  for  the  resistance  on  a  unit  of  mass,  all  reductions 
having  been  made,  are: 


o^ 


a^ 


—  F  (t?)  =  0.33933  - 1?»  between  v  =  520  meters  (1,706  feet)  and  i?  =  420 

meters  (1,378  feet). 

— (F(t>))  =  0.00080792  ^  v^  between  t?  =  420  meters  (1,378  feet)  and  v  = 

343  meters  ( 1 ,125  feet). 

~  F  (t?)  =  0.00000000002  -  ffi  between  t?  =  343  meters  (1,125  feet)  and 

V  =  280  meters  (920  feet). 


JP 


F  {V)  =  0.093  ^  fAl  +  f^g  ^  1  for  tj  <  280  meters  (920  feet). 


Note. — If  in  these  equations  we  write:. 

}  =  0.33933;  0  =  0.00080792;  fe  =  0.00000000002 ;  i  =  0.093;  r  =  495.1, 

we  have,  when  the  formulas  are  employed  with  English  units  of  weight 
and  measure, 

q  =  0.021184;  o  =  0.000015373;  le  =  0.000000000000010774;  h  =  0.005806; 
r  =  1624.4. 


I^OTE. — ^The  latter  values  have  been  used  in  calculating  the  ballistic 
table  given  at  the  end  of  tiiis  article. — Tramlatar. 
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Section  7. 

It  remains  to  show  to  what  are  rednced  the  functions 
^     ,  r  udu      ^  r  2g  du 

/I (tt)  /*    du 

when  F  {u)  takes  the  four  forms  indicated  at  the  end  of  the  preceding 
paragraph. 

I.  VKLOOITIBS  COMPRISED  BETWEEN  1,706  FEET  AND  1,380  FEET. 

P(t?)  =  5'P*j  g  =  0.021184. 

1  r  du        1 

.  ^(")=-i/(l+*)^=K»-*'<"'+*> 

The  quantities  Q,  Qi,  Q29  and  Q3  are  arbitrary  constants,  and  will  be 
determined  later. 

n.  Velocities  between  1,380  feet  and  1,120  feet. 

P  (tt)  =  cw^;  c  =  0.000015373. 

I  (.)=-t-/|:-=^(^+o.). 

^<«)=-5/a+o.)*;-^(^+?-+c). 

T(tt)=--/^=o^2+C^ 
C,  Ci,  G2,  and  O3  are  constants  to  be  determined. 

III.  Velocities  between  1,120  feet  and  920  feet. 
P  (tt)=A^«;  fe  =  0.000000000000010774. 

M.)=-|/#=&(>K.). 
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K^  Ki,  E2y  and  K3  are  constants  to  be  determined. 

IV.  Velocities  below  920  feet. 

p  (u)  =  hu'^^  1  +  p\  ^  =  0.005806,  r  =  1624.4. 

du 

1,1  J 1 

^  "  ■^'^ «.ri+«'V*J  ^rr=T J  ** «'  A»-J  T-T= 


but    I  — 7 i^=-"o-  I  Wi 

•'«^(i+«')    ^ 

J   <!  +  ?) 
we  have,  therefore, 

'  H,  Hi,  H3,  and  H3  are  constants  to  be  determined. 
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V.   !DET£BMINATI0N  OF  THE  SKTEEN  ABBITRABY  CONSTANTS. 

The  constants  Q,  Qi,  Q2,  and  Q3  are  entirely  arbitrary.  They  could 
be  determined  so  that  the  four  functions  D  (m),  I  (u).  A  (w),  and  T  (u) 
would  reduce  to  zero  when  u  =  1,706  feet.*  Tbe  values'that  have  been 
adopted  for  the  quantities  Q,  Qi,  Q2,  and  Q3  satisfy  this  condition ;  but, 
in  order  to  shorten  the  work,  Qx  has  been  made  equal  to  zero.    We  have, 

then,  Q  =  1Z{2,200);  Q.  =  -2^ooo).;  ^^  =  -TmO)- 

Tbe^other  constants  must  be  determined  so  that  the  four  functions 
will  not  undergo  great  changes  in  their  numerical  values  when  they  pass 
«  =  1,380  feet,  u  =  1,120  feet,  u  =  920  feet. 

Such  being  the  case,  we  shall  have  for  u  =  1,380  feet. 

^ cu     ^     q    ^  '^  3c\m'^   V     W^ 

These  equations  give  0,  Ci,  Ca,  C3. 
Per  u  =  1,120  feet,  we  have 

Prom  the  equations  we  get  K,  Ki,  Kg,  Ks. 

Pinally,  we  have  for  u  =  920  feet, 

% 

The  last  constants  H,  Hi,  H2,  and  H3  will  be  thus  determined. 

*  Captain  Siacci  has  annexed  to  his  article  a  baUistic  table,  beginning  with  520 
metres  =  1|706  feet.  In  tbe  ballistic  table  given  in  this  note,  D  {u),  A  (k),  and  T  (u) 
are  made  eqnal  to  zero  when  u  =  2,200  feet. — Translator. 
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APPLICATION  OF  THE  BALLISTIC  TABLE. 

Problem  I. 

A  projectile  of  a  weight  p  (in  poands)  and  of  a  diameter  ojin  feet)  is 
to  be  thrown  to  a  distance  x  (in  feet)  with  the  initial  velocity  V  (in  feet)  : 
Bequired  the  remaining  velocity,  angle  of  projection,  angle  of  fall,  and 
time  of  flight. 

The  remaining  velocity  will  be  given  by  the  formula 

D  (I?)  =  D  (V)  +  ^^^  X.  (1) 

It 

Look  for  the  velocity  Y  in  the  column  v,  and  take  from  the  table  the 
values  of  D  (V),  A  (V),  I  (V),  and  T  (V).    Calculate  ^^^^x  and  obtain 

the  value  of  D  (V)  +  -—  x. 

P 
After  finding  this  value  in  the  second  column  D  (v),  write  out  the  cor* 
.responding  values  of  v,  A  {v),  I  (v),  and  T  (v).    The  remaining  velocity 
will  be  V. 
The  angle  of  projection  will  be  given  by  the  expression 

and  the  angle  of  fall  by  the  expression 

tang  «,  =  -P-  fl  (f )  -  4(?_)-A(V)1    1  (3v 

or  approximated  by 

The  time  of  flight  will  be  obtained  from  the  expression 

t  =  -_/ [T  [V)  -  T  (V)].  (5) 

100a*  cos  9 

.  Problem  II. 

At  what  distance  will  the  same  projectile  have  the  velocity  v\ 
From  equation  (1): 

Problem  III. 

What  initial  velocity  must  a  projectile  have  in  order  that,  at  the  dis- 
tance a?,  it  shall  have  the  velocity  r? 
Equation  (1)  gives 


a* 


D(V)  =  D(t?)-100-x.  (7) 


Knowing  D  (V),  V  will  be  found  from  the  table. 
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Problem  IV. 

It  is  wished  to  coDstmct  a  projectile  of  a  weight  and  diameter  to  be 
determined,  but  similar  to  another  of  a  weight  p  and  diameter  a.  The 
new  projectile,  with  an  initial  velocity  Y,  must  have  at  the  distance  x 
the  velocity  v. 

Let  jp'  and  a'  be  the  weight  and  diameter  of  the  new  projectile.  Then 
we  have 

Example  L 

The  8-inch  (converted)  rifle  throws  a  shell  weighing  180  pounds  with 
an  initial  velocity  of  1,414  feet.  Bequired  the  remaining  velocity,  angle 
of  projection,  angle  of  fall,  and  time  of  flight  for  1,000  yards. 

Here  x  =  1,000  yards  =  3,000  feet;  a  =  8  inches  =  0.6667  feet;  p  =^ 
180  pounds;  Y  =  1,414  feet. 

The  ballistic  table  gives 


We  also  have 


•D  (1414)  =  2,086.4;  A  (1,414  )=  105.3; 
I  (1,414)  =  .07598;  T  (1,414) 


t)=  105.3;) 
=  1.192,     \ 


from  which  we  get 


^^'  =  0.24694; 
P 

100a* 


P 


X  =  740.8. 


D  (1,414)  =  ^^^x  =  740.8  +  2,086.4  =  2,827.2. 

For  this  value  sought  for  in  the  column  D  (t?),  we  find 

iv  =  1,218.4;  A  [v)  =  171.2;  I  (v)  =  0.10383;  T  (v)  =  1.769. 
The  angle  of  projection  will  be  given  by 

8in2,  =  405y^l;2^fJ|-.07698] 

=  4.05  [.08896  -  .07598]  =  4.05  [.01298]  =  .052569. 

2  9^  =  30  1',  9>  =  lo  30^. 

*  Since  V  =  1,414  feet  is  not  in  the  table,  it  is  necessary  to  interpolate.  We  will  first 
write  out  D  (1,420)  =2,066;  A  (1,420)  =  103.8;  I  (1,420)  =  .07534;  T  (1, 420)  =  1.178. 
Then  we  solve  the  proportions : 

10  :  6  : :  34  :  «;  10  :  6  : :  2.5  :  x;  10  :  6  : :  107  :  x;  10  :  6  : :  24  :  «. 

Having  obtained  the  four  qnantities,  20.4,  1.5,  64,  14,  they  must  be  added  respect- 
ively to  2,066,  103.8,  .07534.  1.178,  giving  the  values  of  D  (1,414),  A  (1,414),  I  (1,414), 
and  T  (1,414). 

tHere,  again,  we  must  interpolate,  which  will  be  done  as  follows:  We  write  V  = 
1,220;  A(»l  =  170.5;  I  (»)  =0.10352;  T  (u)  =  1.753,  which  correspond  to  D  (t^)=  2,820 
We  have,  then,  the  proportion  44  :  7.2  : :  10  :  x  =  1.6  feet.    This,  subtracted  from  1,220 

feet,  gives  1,218.4=  1,000  yards.  We  will  also  have  the  following  propoi-tions : 
10  :  1.6  : :  4.6  :  x;  10  :  1.6  : :  192  :  x;  10  :  1.6  : :  36  :  x;  these  give  0.7,  31,  6,  which  must 
be  added  to  170,5, 0.10352, 1.753,  respectively,  giving  the  values  of  A  (1,218.4),  I  (1,218.4),. 
andT(l,218.4). 
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To  determine  tu  we  have 

sin  2  a;  =  4.05  [0.10383  -  _^'' ^!?JrJ:?5:?l 

L  ^827.2  -  740.8J 

=  4.05  [0.10383  -  0.08896]  =  4.05  [.01487]  =  .069224. 

2  w  =  30  23'  40^5  a;  =  10  42'. 
To  determine  t : 

Example  II. 

At  what  distance  will  the  same  projectile  have  a  remaining  velocity 
of  1,200  feet! 
Equation  (6)  gives 

D  (t>)  =  D  (1,200)  =  2,909 ;  D  (V)  =  D  (1,414)  =  2,080.4. 
X  =  4,05  [2,909  -  2,080.4]  =  405  x  822.6  =  3,331.5  feet  =  1,110.5  yards. 

Example  III. 

With  what  initial  velocity  must  the  same  projectile  be  thrown  in  order 
that,  at  a  distance  of  1,000  yards,  it  may  have  a  remaining  velocity  of 
1,400  feet  f 

Equation  (7)  gives 

D(V)  =  D(r)-l^a?. 

D  (t?)  =  D  (1,400)  =  2,133;  ^?^a?  =  741. 

D  (Y)  =  2,133  -  741  =  1,392.    Y  =  1,638  feet. 

Example  IV. 

Let  it  be  supposed  that  the  charge,  giving  the  initial  velocity  of  1,414 
feet,  cannot  be  increased  w^ithout  compromising  the  safety  of  the  gun, 
and,  on  the  other  hand,  that  it  is  necessary  to  have,  at  6,000  yards  dis- 
tance, a  remaining  velocity  of  840  feet.  We  will  see  what  result  will  be 
obtained  if  we  increase  a  little  the  weight  of  the  projectile. 

We  will  find  first  how  much  the  initial  velocity  will  be  diminished  if 
the  weight  of  the  projectile  be  increased  to  200  pounds. 

Button's  law  gives 

p'Y'=pY\ 
or 

^'  =  ^  7/=^'^^^  V  2^  =^'^^^  ^  ^-^^^  =  ^'^*^  ^^^ 

and  irom  the  ballistic  table, 

D  (1,341)  =  2,338. 
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Also, 

——-=0.2223, 

and  for 

a* 
X  =  6,000  yards,  100  --  a?  =  4,001 5 

conseqaently 

D  {v)  =  2,338  +  4,001  =  6,339, 

and,  from  the  table, 

17  =  836  feet. 

This  result  differs  but  little  from  the  required  velocity;  but  Hutton^s 
law  is  true  ouly  when  the  powder  is  completely  consumed  before  the 
projectile  leaves  the  gun,  and  in  practice  we  might  obtaiu  a  greater  , 
difi'erence.  We  will  see  what  velocity  will  be  obtained  if  the  weight  of 
the  projectile  be  increased  to  210  pounds.  Calculation  gives  for  the 
initial  velocity 

1,309  feet,  and  D  (1,309)  =  2,458. 

Then 

=5:^  X  a?  =  0.2117  X  18,000  =  3,811: 

and 

D  (V)  =  3,811  +  2,458  =  6,269, 

which  corresponds  to 

t?  =  840  feet 

The  following  formulas  can  be  employed  for  calculating  the  initial 
velocity  V  when  experiment  has  determined  the  velocity  t?  at  a  short 
distance  x: 

For  Telocities  between  1,710  feet  and  1,380  feet, 

Y  =  v(l  +  qx);  2  =  0.021184  -  . 
For  velocities  between  1,380  feet  and  1,120  feet, 


Y  =  v{l  +  evx)]  c  =  0.000015373 
For  velocities  between  1,120  feet  and  920  feet. 


y=^v(l+kv*x)',  k  =^0.000000000000010774 - . 
For  velocities  below  920  feet, 

V  =  «(l  +  ri  +  jy  a;  y  r  =  1.624.4,  h  =  0.006806?*. 

These  formulas  are  obtained  from  the  expression  for  the  resistance  of 
the  air  given  in  section  6. 
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The  following  tbeoretical  range  tables  have  been  calculated   &om 
Captain  Siacci's  formulas : 

RANGE  TABLES. 

S-inch  riflo  (converted). 
Charge,  35  lbs.    Weight  of  shot,  180  lbs.     Initial  Telocity,  1,414  feet. 


Telofity. 


AugleotblL 


3.00Cyi 
g,(»)Oy; 

0,000  T>i 
T.MOyu 
8.000  ji. 


11  i» 

i3    M 


IS-lBch  B.  L.  rifle.    (PropoBed  model. ) 
Charge,  290  Ibe.    Weight  of  shot,  800  lbs.    Initial  velooit;,  1,886  feet. 


FMt. 

1.813 

ti 

1,JT2 
118S 
1,110 
LOU 

0  23    3T 

1  IS 
i    40 

a  G8 

0    18 
14    !8 

0  »    BT 

1  a 

■4    M 

U    M 
15    30 

.. 

i.«o^ - 

J: 

CAI.CTTLATIOH  OF  TABLE  OF  FIRE  FOR  IS-CTCH  B.  L.  KIFLE. 


T=  1,8M  feet. 

a=ia"  =  lfiH.t. 

I>  =  800l»a»d.. 

Qiitucec. 

1,000  ;uda  =  1,000  r«t. 

1,000  ;>idi  =  8,000  fMt 

Log*. 

amms 

3.TT8151S 

Lo^lOof 

T.09M100 

TOMSIM 

LoglOof. 

iS7«om 

2.^«818 

loo;-.. 

375. 

TSO. 

Da,B8B). 

72B.B 

720.0 

1M^«4-D(l,8e«). 

1101.0 

1470.8 

A(P). 

44.08 

et.42 

A(V), 

I&T2 

20.72 
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CAXCULATIOK  OF  TABLB  OF  FIKE  FOB  12.IKCH  B.  L.  BIFLE— Continaed. 


V  =  1,886  fleet. 


Biitaoceff. 


A(»)-A(V). 
Log[A(»)-A(V)]. 

(«.  «.)  Log.  [lOO^«  =  D(«)  — D(V)] 


^«D(»)«D(V)  ^  100^  • 

A(t)-A(y)         1, 
D(»)-D(V)'^  iodoS" 


I(»). 
LogI(»). 

_J»,   A(g)--A(Y) 
100a»ij(»)  — D(V)  • 


T  (»). 

T(V). 
T(»)— T(V). 

I*g[T(t)-T(V)). 
(0.  e.)  Log  eoi  f. 

Loge. 

t 

V. 


a=12"  =  lfoot. 


j>  =  800  pounds. 


1,000  yarda= 8,000  feet. 


17.86 
L 2895497 

7.4259687 
0.9000900 
~1. 6686084 
0.370347 

a  841680 

0.028667 
49-    17" 


0.060056 
"2.6004561 

a9080900 

T60S6461 

0.400448 

0.870847 


2,000  7ardB= 6,000  feet. 


87.70 
L  5763414 

7.1249387 
0.9080900 
~1 6043701 
0.402138 

a  841680 

a0^O458 
lo    48'    60" 


a058674 

"2:7684467 

0.9030900 

1.6n5897 

0.460892 

0.402188 


0. 030101 

0.067250 

61'    45" 

lo    55*    42" 

0.6642 

0.7881 

0.3572 

0.8572 

0.2070 

a4800 

1. 3159703 

1.6348765 

0. 0000478 

0.0001985 

0.9080900 

0.9080900 

0.2191081 

0.5376650 

K666 

8-.440 

1,742  feet. 

1,609  feet 
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BALLISTIC  TABLE  CALCULATED  PROM  CAPTAIN  SIACCPS  PORMULAS. 


V. 

D(») 

Di£ 

A  (V) 

Diff. 

I(») 

Dift; 

T(v) 

Di£ 

Fwt. 

.2200 

0 

21 

0 

68 

.08189 

28 

0 

96 

2190 

21 

22 

0.68 

69 

.08167 

29 

.0096 

90 

2180 

43 

21 

L37 

70 

.08196 

30 

.0197 

100 

2170 

64 

22 

2.07 

71 

.08226 

80 

.0897 

101 

2160 

86 

22 

2.78 

72 

.03256 

30 

.0898 

m 

2150 

108 

22 

3.50 

78 

.03286 

81 

.0500 

103 

2140 

130 

22 

4.28 

IP 

74 

.08317 

31 

.0608 

104 

2180 

162 

4.07 

.08848 

.0707 

• 

23 

75 

82 

104 

2120 

175 

22 

5.72 

76 

.08880 

82 

.0811 

105 

2110 

197 

22 

6w48 

77 

.08412 

88 

.0916 

100 

2100 

219 

23 

7.25 

78 

.08445 

S3 

.1022 

108 

2000 

242 

22 

&03 

79 

.03478 

33 

.1180 

109 

2080 

264 

23 

&82 

80 

.035U 

84 

.1289 

110 

2070 

287 

23 

9.62 

81 

.03545 

85 

.1849 

111 

2060 

310 

23 

10.43 

83 

.03580 

35 

.1460 

111 

2050 

333 

23 

1L26 

84 

.03615 

85 

.1571 

113 

2040 

856 

23 

12.10 

85 

.03650 

36 

.1684 

U4 

2030 

879 

24 

12.95 

86 

.03686 

37 

.1796 

116 

2020 

403 

23 

13.81 

88 

.08728 

37 

.1913 

116 

2010 

426 

24 

14.69 

89 

.08760 

38 

.2029 

117 

2000 

450 

23 

15.58 

90 

.08798 

88 

.2146 

UB 

1990 

473 

24 

16.48 

91 

.03836 

39 

.2264 

120 

1960 

497 

24 

17.89 

93 

.03875 

89 

.2384 

121 

1970 

521 

24 

18.32 

95 

.03914 

40 

.2505 

122 

1960 

545 

24 

19.27 

96 

.03954 

41 

.2627 

124 

1960 

509 

24 

20.23 

97 

.03995 

41 

.2751 

125 

1940 

598 

25 

21.20 

99 

.04036 

42 

.2876 

126 

1930 

618 

22.19 

.04078 

.3002 

24 

1.00 

43 

127 

1920 

642 

25 

28.19  • 

1.02 

.04121 

43 

.3129 

120 

1910 

667 

25 

24.21 

L08 

.04164 

44 

.3268 

130 

1900 

692 

25 

25u24 

1.05 

.04208 

45 

.8388 

181 

1890 

717 

24 

26.29 

1.07 

.04258 

45 

.3519 

.  183 

1880 

741 

26 

27.86 

LOO 

.04298 

46 

.8652 

184 

1870 

767 

25 

2a  45 

Lll 

.04344 

47 

.'3786 

136 

1860 

792 

26 

29.56 

L12 

.04391 

48 

.8922 

137 

1860 

818 

25 

80.68 

1.14 

.04439 

48 

.4050 

139 

1840 

843 

26 

31.82 

1.16 

.04487 

49 

.4198 

140 

1830 

869 

26 

82.98 

1.18 

.04536 

50 

.4388 

142 

1820 

895 

26 

34.16 

L20 

.04566 

51 

.4480 

143 

1810 

921 

35.36 

.04637 

.4628 

« 

26 

1.22 

52 

145 
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• 

I>  (•) 

Difll 

A(i;) 

Biff. 

1(f) 

Diff. 

.T(t)) 

Diff. 

FMt, 

1800 

947 

26 

86.58 

L24 

.04689 

52 

.4768 

147 

1790 

1          »78 

37.82 

.04741 

.4915 

1780 

1 

27 

L26 

53 

148 

1000 

39.08 

.04794 

.5068 

1770 

27 

L28 

55 

150 

1027 

40.36 

.04849 

.5218 

1760 

26 

LSI 

55 

152 

1053 

41.67 

04904 

.5366 

1750 

27 

L83 

56 

158 

logo 

4&00 

.04960 

.5618 

1740 

27 

1.85 

57 

155 

1107 

44.85 

.05017 

.5673 

1780 

27 

L37 

58 

157 

1184 

4&72 

.05075 

.5830 

1720 

27 

1.40 

60 

159 

1102 

47.12 

.05185 

.5089 

1710 

1180 

27 

48.54 

1.42 

.05195 

60 

.6149 

160 

1700 

1217 

28 

49.98 

1.44 

.05256 

61 

.6311 

162 

1600 

1245 

28 

51.46 

L48 

.05319 

63 

.6475 

164 

1680 

28 

1.49 

63 

166 

1273 

52.95 

.05882 

.6641 

1670 

28 

1.53 

65 

168 

1301 

54.48 

.05447 

.6809 

1680 

28 

1.55 

66 

170 

1329 

56w08 

.05513 

.6979 

1650 

1858 

29 

57.62 

1.50 

! 05580 

67 

.7151 

172 

1640 

1886 

28 

59.23 

1.61 

.05648 

68 

.7326 

175 

1680 

1415 

29 

60.87 

1.64 

. 05718 

70 

.7503 

177 

1620 

1444 

29 

62.54 

1.67 

.05788 

70 

.7682 

179 

1610 

1474 

80 

64.24 

1.70 

.05860 

72 

.7868 

181 

1600 

1508 

^ 

65.98 

1.74 

.05034 

74 

.8046 

183 

1560 

1588 

80 

67.74 

1.76 

.06009 

76 

.8281 

185 

1560 

15412 

29 

61^54 

1.80 

.06085 

76 

.8420 

189 

1570 

1502 

80 

71.38 

1.84 

.06168 

78 

.8610 

190 

1560 

1Q22 

80 

78.25 

1.87 

.06242 

79 

.8803 

198 

1560 

1Q63 

81 

75.16 

1.91 

.06823 

81 

.8998 

195 

1510 

XCI83 

80 

77.10 

1.94 

.06405 

82 

.9196 

198 

1580 

1714 

81 

79.08 

1.98 

.06489 

84 

.9896 

200 

1520 

1745 

31 

81.11 

2.08 

.06575 

86 

.9599 

208 

1510 

X776 

81 

88.17 

2.06 

.06662 

87 

.9805 

206 

1500 

X808 

82 

85.27 

2.10 

.06751 

89 

LOOl 

21 

1490 

X829 

81 

87.42 

2.15 

.06842 

91 

L022 

21 

1480 

X871 

32 

89.61 

2.19 

.06986 

98 

L043 

21 

1470 

X903 

82 

91.84 

2.23 

.07080 

95 

1.065 

22 

1460 

X986 

82 

94.12 

2.28 

.07126 

96 

1.087 

22 

1450 

X968 

88 

96.45 

2L3.^ 

.07226 

99 

1.109 

22 

1440 

2000 

32 

98.83 

2L38 

.07326 

101 

L182 

23 

1480 

a088 

38 

101.3 

2.43 

.07429 

108 

1.155 

28 

i4ao 

4    M^ 

1          2086 

88 

108.8 

2.5 

.07584 

105 

1.178 

23 

1410 

1         2100 

84 

88 

10&3 

2.5 
2.6 

.07641 

07 
109 

1.202 

24 
24 
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D(») 

Dlft 

Act) 

Dtfr 

IW 

Diff. 

T(») 

DUE 

TuL 

1400 

2188 

84 

108.9 

2.6 

.07750 

112 

L226 

24 

1890 

2167 

84 

11L6 

2.7 

.07862 

116 

1.250 

25 

1880 

2201 

34 

114.2 

2.8 

.07977 

117 

L275 

26 

1870 

2286 

36 

117.0 

2L8 

.08094 

121 

L800 

26 

1860 

2270 

36 

119.8 

2.9 

.08215 

134 

1.326 

26 

1850 

2806 

36 

122.7 

3.0 

.08339 

128 

L368 

27 

1340 

2842 

37 

125.7 

3.1 

.08467 

132 

L879 

^ 

1380 

2379 

12a8 

.08599 

L406 

37 

• 

8.2 

186 

28 

1820 

2416 

88 

182.0 

8.3 

.08785 

140 

1.484 

28 

1810 

2454 

38 

135.8 

3.4 

.08875 

144 

L463 

28 

1800 

2492 

188.7 

.09019 

L483 

■ 

89 

3.5 

149 

80 

1390 

2531 

89 

142.2 

3.6 

.09168 

168 

L622 

81 

1280 

2570 

40 

145.8 

3.8 

.09921 

169 

L553 

31 

1270 

2610 

41 

149.6 

3.9 

.09480 

163 

L584 

S2 

1200 

2651 

41 

163.5 

4.0 

.09648 

169 

L616 

38 

1260 

2692 

42 

167.6 

4.2 

.09612 

174 

L649 

84 

1240 

2784 

48 

16L7 

4.3 

MMMM 
.  MnWQ 

180 

L688 

86 

1280 

2777 

43 

166.0 

4.5 

.10166 

186 

L718 

86 

1220 

2820 

44 

170.6 

4.6 

.10852 

192 

L768 

86 

1210 

2864 

45 

176.1 

4.7 

.106U 

199 

L789 

38 

1200 

2909 

46 

179.8 

4.9 

.10741 

206 

L827 

'    38 

1190 

2964 

47 

184.7 

6.2 

.10948 

218 

1.866 

89 

1180 

3061 

47 

180.9 

6.3 

.11161 

219 

L904 

40 

U70 

8048 

48 

195.2 

5.5 

.11880 

228 

1.944 

41 

1100 

8096 

48 

200.7 

5.7 

.U608 

285 

L966 

42 

1160 

8144 

50 

206.4 

5.9 

.11848 

248 

2.027 

43 

1140 

8104 

61 

212.8 

6.2 

.12086 

258 

2.070 

44 

1180 

3246 

52 

218.5 

6.4 

.12339 

261 

2.114 

46 

1120 

8297 

53 

224.9 

&9 

.12600 

273 

2.160 

• 
48 

1110 

3350 

56 

231.8 

7.3 

.12873 

297 

2.208 

61 

1100 

3406 

69 

289.1 

7.9 

.13170 

316 

2.259 

54 

1090 

3465 

62 

247.0 

ai    . 

.13486 

338 

2.313 

67 

1060 

3527 

65 

255.4 

9.0 

.13824 

360 

2.370 

60 

1070 

3582 

68 

264.4 

0.7 

.14184 

384 

2.430 

64 

1060 

3660 

274.1 

.14568 

2.494 

71 

10.5 

411 

■ 

67 

1050 

8731 

74 

284.6 

1L3 

.14979 

439 

2.561 

71 

1040 

8805 

78 

296.9 

12.2 

.15418 

470 

2.682 

76 

1030 

3888 

83 

808.1 

13.2 

.15888 

603 

2.708 

80 

1030 

8966 

86 

82L3 

14.4 

.16890 

539 

2L788 

85 

1010 

4061 

90 

186.7 

1&6 

.16929 

677 

2.873 

00 
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V. 

I)(i») 

Diff. 

I 

A(r) 

Diff. 

.1(f) 

Diff. 

T(r) 

Diff. 

JVct 

/ 

1000 

4141 

05 

351.3 

17.0 

.17506 

618 

2.063 

95 

990 

4286 

100 

368.3 

18.5 

.18124 

665 

8.058 

102 

980 

4336 

105 

386.8 

20.2 

.18780 

713 

3.160 

108 

970 

4441 

111 

407.0 

22.1 

.10502 

765 

8.268 

115 

900 

4552 

117 

429.  <1 

24.1 

.20167 

815 

8.383 

122 

950 

4669 

123 

453.2 

26u6 

.21082 

885 

3.505 

131 

940 

4792 

130 

479.8 

29.2 

.21067 

1 
964 

8.636 

139 

990 

4922 

137 

5oao 

82.1 

.22981 

1031 

8.775 

148 

920 

5059 

143 

54L1 

36.3 

.23962 

1101 

3.023 

156 

910 

5202 

145 

577.4 

37.1 

.25063 

1141 

4.070 

160 

900 

5347 

148 

614  5 

30.4 

.26204 

1185 

4.239 

165 

890 

5495 

150 

653.9 

42.3 

.27380 

1233 

4.404 

170 

880 

5645 

153 

606.2 

44.6 

.28622 

1281 

4.574 

174 

870 

5708 

155 

740.8 

47.3 

.20003 

1834 

4.748 

179 

860 

5953 

158 

788.1 

50.6 

.81237 

1389 

4.027 

185 

850 

6111 

160 

83&7 

53.6 

.82626 

1444 

5.112 

190 

840 

6271 

163 

802.3 

56.6 

.34670 

1506 

5.302 

195 

830 

6434 

166 

048.0 

60.1 

.35576 

1568 

5.407 

202 

820 

6600 

160 

1000.0 

64 

.37144 

1636 

5.600 

207 

810 

6760 

172 

1078 

68 

.38780 

1704 

5.006 

214 

800 

6041 

1141 

.40484 

6.120 

• 

175 

72 

1779 

220 

790 

7116 

1218 

.42268 

6.340 

178 

77 

• 

1857 

227 

780 

7294 

181 

1280. 

81 

.44120 

1939 

6w567 

23^ 

770 

7476 

184 

1371 

87 

.46069 

2026 

6.800 

241 

780 

7650 

188 

1458 

02 

.48085 

2117 

7.041 

248 

750 

7847 

191 

1560 

98 

.50202 

2212 

7.280 

256 

740 

8038 

194 

1648 

105 

.52414 

2318 

7.545 

265- 

730 

8232 

198 

1753 

111 

.54732 

2424 

7.810 

27a 

720 

8430 

202 

1864 

118 

.57156 

2539 

&083 

282 

710 

8632 

206 

1982 

125 

.50605 

2661 

&865 

202 

700 

8838 

210 

2107 

133 

.62356 

2789 

8.657 

301 

■ 

600 

9048 

213 

2240 

142 

.65145 

2927 

&058 

312 

• 

680 

9261 

217 

2382 

158 

.68072 

8078 

0.270 

322 

670 

9478 

222 

2534 

161 

.  71146 

8226 

0.502 

334 

660 

0700 

226 

2606 

172 

.  74371 

3392 

9.926 

345 

650 

0026 

231 

2867 

188 

.77763 

3566 

10.271 

358 

640 

10167 

845 

3050 

106 

.81329 

8752 

10.629 

871 

630 

10302 

8246 

.85081 

11.000 

240 

200 

3956 

884 

620 

10632 

245 

3455 

223 

.89086 

4165 

11.384 

398 

610 

10877 

260 

8678 

230 

.98201 

4395 

11.782 

413 

16  OBD 
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V. 

B(t») 

Diff. 

A(u) 

Biff. 

I(t») 

Biff. 

T{v)  ' 

Biff. 

Feet 

600 

11127 

255 

8917 

255 

.9760 

463 

12. 195 

429 

590 

11382 

261 

4172 

273 

L0223 

490 

12.624 

446 

580 

11643 

266 

4445 

292 

L0713 

518 

13.070 

463 

670 

11900 

272 

4787 

313 

1.1231 

548 

13.533 

4«2 

560 

12181 

278 

6050 

335 

1.1779 

581 

14.015 

601 

560 

12460 

284 

6386 

360 

1.2360 

615 

14.516 

521 

540 

12743 

0746 

1.2975 

16.037 

202 

• 

889 

667 

644 

680 

18036 

295 

6134 

412 

1.8682 

689 

16.681 

564 

520 

18380 

804 

6646 

447 

L4821 

737 

16wl45 

500 

510 

18684 

811 

6006 

481 

L6058 

785 

16.785 

616 

500 

13945 

7474 

L6843 

17.351 

APPENDIX  24. 

REPORT  ON  FEED-GUIDES  AND  FEED-CASES  FOR  MACHINE  GUNS,  AND 
METHODS  OF  PACKING  THE  AMMUNITION  FOR  TRANSPORTATION.  BY 
CAPT.  JOHN  E.  GREER  (UNDER  THE  DIRECTION  OF  COL.  JAMES  G.  BEN- 
TON, COMMANDING  THE  NATIONAL  ARMORY). 

[Twenty  plates.] 

National  Armory,  Springfield,  Mass., 

June  10,  1880. 

Sir:  After  carefal  consideration  of  the  methods  by  which  the  various 
machine-gans  now  in  service  are  supplied  or  fed  with  cartridges,  I  am 
led  to  the  conclnsion  that  the  time  has  come  for  abandoning  that  adapted 
for  the  Gratling  in  the  infancy,  it  may  be  said,  of  gnns  of  this  class. 

The  present  system  necessitates  the  use  of  tin  feed-cases  containing 
40  cartridges  each,  50  cases  being  issued  with  each  gun.  The  limber- 
chest  of  the  carriage  as  made  at  the  Colt's  armory  being  limited  to  this 
nnmber  of  cases,  2,000  rounds  is  consequently  the  extent  of  its  carrying 
capacity.  As  made  at  the  United  States  Watervliet  arsenal  the  gun- 
carriage  itself  carries  two  small-chests  parallel  with  the  gun,  by  which 
means  an  auxiliary  amount  of  ammunition  may  be  transported.  As  the 
new  system  of  elevating  and  pointing  the  gun  prohibits  the  use  of  these 
two  chests — the  gun  being  traversed  from  right  to  left  so  as  to  comQ 
nearly  in  contact  with  the  wheels — they  must  be  omitted  in  future 
comparisons. 

The  Catling  feed-cases  weigh  2  pounds  4}  ounces  and  cost  $2  each. 
In  them  the  cartridges  are  jolted  about  on  the  march,  the  shells  are 
braised,  and  the  bullets  mutilated  and  upset,  so  as  to  affect  not  only  the 
accuracy  of  Are  but  the  working  of  the  gwn.  The  objection  to  the  tin 
feed  cases  does  not  end  here,  as  in  action  they  must  be  refilled  from  the 
paper  packages  in  which  the  cartridges  are  prepared  at  an  arsenal,  and 
this  requires  the  service  of  several  men,  though  the  gun  be  worked  at  a 
moderate  percentage  of  its  capability  of  fire.  In  addition,  there  is  no 
stability  of  the  case  on  the  gun,  since  cutting  away  the  rear  portion  of 
the  hopper-mouth  in  order  to  admit  of  ready  insertion  of  the  case  left 
hot  little  to  support  it,  necessitating  its  being  held  at  all  times  when  in 
nse.  Finally,  a  filled  case  once  having  been  applied  to  the  gun  cannot 
be  removed  except  with  considerable  difficulty,  without  allowing  the 
cartridges  to  fall  on  the  ground,  should  it  become  necessary  to  move  the 
gan  to  any  other  position, 

To  meet  the  objections  here  enumerated  I  would  bring  to  your  notice 
two  methods  proposed  for  the  Gardner  guns  now  being  made  for  the 
United  States  at  the  Pratt  &  Whitney  Works,  Hartford,  Conn.  In  the 
,  first,  as  tested  by  the  Ordnance  Board  at  Sandy  Hook,  N.  J.,  the  car- 
tridges were  inserted  in  wooden  blocks  bored  to  receive  20  n  two  rows 
of  10  each.  The  blocks  were  somewhat  larger  than  the  packages  in 
which  cartridges  are  packed  at  Frankford  arsenal. 

The  cartridges  were  retained  in  their  places  by  a  strip  of  tin  passing 
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over  their  heads  and  bent  down  at  the  sides,  the  ed^es  again  being 

turned  in  so  as  to  enter  channels  in  the  sides  of 
the  blocks,  thus: 

The  blocks  were  light,  easily  filled,  cheap — 
not  costing  more  than  two  or  three  cents  each, — 
and  took  up  so  little  room  that  3,400  cartridges 
could  be  carried  in  a  limber-chest  of  the  capac- 
ity of  the  Gatling,  which  carries,  as  before 
stated,  but  2,000  rounds.  In  addition,  the  in- 
terior arrangement  of  the  chest  was  such  as  to 
be  materially  cheaper  than  the  Gatling.  To  feed 
Wood  from  these  blocks  it  is  only  necessary  to  slide  off 
the  tin  cover,  insert  the  heads  of  the  cartridges 
in  the  <' feed-guide^  and  pull  the  blocks  from  the 
cartridges  which  are  held  by  their  heads  in  the 
guide.  By  this  means  the  guide  may  be  kept 
full,  giving  a  continuous  stream  of  fire,  whUe 
in  tne  Gating  the  fire  is  intermittent,  dex)ending 
on  the  rapidity  with  which  the  cases  can  be  changed. 

The  feed-guide  of  the  Gardner  is  practically  the  hopper  of  the  Gat- 
ling (Plate  II.  Figs.  1  and  2),  and  is  securely  attached  to  the  gun  when 
in  use.  Should  it  be  desired  to  change  the  position  of  the  gun  the  guide 
need  not  necessarily  be  removed,  but  if  it  be,  an  automatic  arrangement 
closes  its  lower  end  and  prevents  escape  of  cartridges. 

Since  the  trial  previously  referred  to,  the  company  have  devised  a 
plan,  if  anything,  more  desirable  than  that  described,  and  which  brings 
the  carrying  capacity  of  the  limber  up  to  4,200  rounds.  It  is,  in  fact,  to 
put  up  at  the  place  of  manufacture  the  cartridges  intended  for  this  gun 
in  paper  boxes  differing  but  little  in  exterior  form  and  size  from  those 
now  used  at  Frankford. 

It  is  proposed  to  make  the  boxes  in  two  equal  parts  (see  Plate  I), 
pressing  them  from  paper  pulp.  The  two  parts  are  united  by  a  strip  of 
muslin  glued  on  the  bottom.  A  pasteboard  strip  is  then  placed  midway 
between  the  sides  and  the  cartridges  filled  in,  and  the  tin  cover  slipped 
on.  A  second  strip  of  muslin  is  glued  on  the  bottom,  carried  up  one 
end  over  the  top  and  down  the  other  end,  projecting  three  or  four  inches, 
for  convenience  in  opening  the  box.  A  paper- wrapper  is  pasted  over  all 
and  varnished  to  prevent  moisture. 

To  feed  from  these  boxes  it  is  only  necessary  to  tear  them  open  by 
the  muslin  strip,  pull  off  the  tin  cover^  and  insert  the  heads  of  the  car- 
tridges in  the  feed-guide  as  with  the  original  blocks.  It  is  estimated  by 
the  company  that  these  boxes  will  not  cost  over  five  cents  each. 

When  it  is  recollected  that  the  cartridges  must  be  packed  anyway  in 
paper  boxes  costing  two  or  three  cents  each,  it  will  be  seen  how  great 
the  saving  by  this  method  is.  While  the  putting  up  of  the  cartridges 
in  a  special  manner  at  an  arsenal  may  be  considered  objectionable,  the 
system  of  feeding  directly  from  the  paper  packages  is  so  economical  in 
cost,  weight,  time,  and  men  as  to  far  outweigh  the  objection.  These 
boxes  can  be  refilled,  if  necessary,  from  the  ordinary  box,  omitting  the 
outside  paper  wrapping  and  muslin  string,  when  they  become  to  all  in- 
teuts  and  purposes  th^  same  as  the  original  wooden  blocks  tested  with 
the  gun. 

The  system  of  feeding  from  the  paper  boxes  has  been  adapted  for  the 
Lowell  battery  gun,  and  there  would  seem  to  be  no  good  reason  why  it 
should  not  be  for  the  Gatling.  The  rapidity  of  its  fire  would  be  greatly 
increased,  the  construction  of  the  Umber-chest  simplified,  and  its  capae- 
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ity  more  than  doubled  without  increase  of  weight  and  with  a  diminished 
cost  of  about  $100,  a  8t>able  form  of  attachment  to  the  gun  provided, 
and  the  service  of  several  men  dispensed  with. 

In  order  to  attain  this  end  without  interfering  with  the  rights  of  others 
any  particular  form  of  box  may  be  used  at  the  pleasure  of  the  company. 
If  necessary,  one-half  as  long  as  the  feed-case — that  is,  half  the  depth  of 
the  limber-chest — containing  20  cartridges  in  a  single  row,  or  40  in  two 
rows,  could  be  used. 

In  any  event  the  feed-case  should  be  abandoned.  We  Jiave  steadily 
improved  the  construction  of  the  gun,  changed  from  side  to  center  feed, 
and  increased  the  pitch  of  the  gearing  to  increase  the  rapidity  of  fire, 
bat  have  heretofore  neglected  one  of  the  simplest  means  of  accomplish- 
ing this  end. 

Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREER, 
Captain  of  Ordnance^  U.  S,  A. 

To  the  CoMMANDiNa  Officer,  National  Armory. 

[First  indoTHment^ 

National  Armory,  June  22, 1880. 

Respectfully  forwarded  to  the  Chief  of  Ordnance: 
The  suggestions  of  Oaptain  Greer,  given  in  this  communication,  are 
thought  to  be  worthy  of  consideration  by  the  department. 

J.  G.  BENTON, 
Colonel  of  Ordnance^  Commanding. 

ISecand  indarsemenW] 

Ordnance  Office,  War  Department, 

Washington^  June  24, 1880. 

Respectfully  returned  to  the  commanding  officer  of  National  Armory, 
.who  will  request  the  Gatling  Gun  Company  to  apply  this  method  of 
feeding  to  one  of  the  guns  recently  made  and  delivered.  Captain  Greer's 
views  are  sound  and  timely,  and  the  question  of  supply  of  cartridges  is 
BO  important  that  every  means  should  be  resorted  to  to  increase  the 
quantity  carried. 

S.  V.  BENfiT, 
Brigadier  General,  Chief  of  Ordnance. 

[TAtrd  indorgemenf] 

National  Armory,  June  16, 1881. 

Respectfully  returned  to  the  Chief  of  Ordnance : 
As  the  Gatling  Gun  Company  was  not  disposed  to  take  up  this  mat- 
ter,  I  tiiought  it  of  sufficient  importance  to  make  the  trial  at  this  armory, 
a  report  of  which,  by  Captain  Greer,  is  this  day  forwarded  for  the  in- 
formation of  the  department. 

J.  G.  BENTON, 
Colonel  of  Ordnance,  Commanding. 


National  Armory,  Springfield,  Mass., 

June  6, 1881. 

Sir  :  After  my  report  of  June  10, 1880,  calling  attention  to  a  new  feed- 
block  or  case  for  the  Gardner  maehine  gun,  by  which  the  capacity  of  the 
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limber-chest  was^brought  up  to  4,206  rounds,  and  suggesting  that  the 
system  of  feeding  this  gun  by  the  double  guide  be  applied,  if  possible^ 
to  the  Gatling,  I  continued  working  with  the  idea  of  getting  a  form  of 
packing-box  for  cartridges  as  originally  put  up,  which  should  answer  as 
feed-cases  for  the  guns  named,  together  with  the  Lowell,  and  at  the  same 
time  be  suitable  for  cartridges  put  up  for  general  use  with  the  service 
rifle. 

In  working  up  any  such  plan  it  was  evident  that  a  box  costing  more 
than  that  now  made  at  Frankford  Arsenal  was  inadmissible.  Paper  was 
therefore  resorted  to.  The  use  of  a  paper  box  for  the  Gardner  gun  neces- 
sitates a  perfectly  smooth  top  whein  the  cartridges  are  exposed,  which  it 
is  impossible  to  get  with  the  Frankford  system  of  tearing  the  box  open 
with  a  string.  Kecourse  was  therefore  had  to  a  box  such  as  is  now  used 
by  private  manufacturers  of  ammunition — the  Winchester  Eepeating^ 
Arms  Company,  New  Haven,  Conn. ;  the  Union  Metallic  Cartridge  Com- 
pany, Bridgeport,  Conn. ;  and  the  United  States  Cartridge  Company  of 
Lowell,  Mass.  The  latter,  being  materially  stronger  and  also  somewhat 
wider  than  the  others,  was  selected  as  the  basis  of  the  work. 

The  construction  of  the  feed-guide  of  the  Gardner  gun  is  such  that  a 
space  of  about  one-third  of  an  inch  is  required  between  the  rows  of 
cartridges.  It  was  therefore  necessary  to  remove  the  spiral  form  ot 
packing — Frasier's  patent — from  the  box  and  insert  another  more  like 
the  Frankford,  and  which  would  allow  the  cartridges  to  be  easily  pulled 
from  the  box.  I  therefore  took  the  packing  from  half  a  dozen  Frank- 
ford boxes,  placed  the  longitudinal  partitions  side  by  side  (Fig.  1,  Plate 
ni)  to  get  the  requisite  thickness  between  the  rows  of  cartridges,  and 
doubled  the  thickness  of  the  cross  partitions  to  prevent  the  wearing 
and  deformation  of  heads  of  cartridges  which  is  observed  on  those  which 
have  undergone  rough  transportation.  This  led  at  once  to  the  use  of  a 
strip  of  thin  board  for  the  longitudinal  partition  (Fig.  2,  Plate  III)  and 
of  materially  heavier  pastebosuxl  than  that  now  us^  for  the  cross  par- 
titions. 

On  submitting  this  to  the  Pratt  &  Whitney  Company  for  use  with  the 
Gardner  gun  it  was  greatly  liked  as  being  much  more  simple  than  the 
feed-cases  they  had  already  tried.  In  addition,  it  at  once  increased  the 
capacity  of  the  limber-chest  to  5,400  rounds.  One  objection,  however, 
was  raised  by  the  assistant  superintendent,  Mr.  Parkhurst,  who  feared 
that  when  the  cover  was  removed  to  insert  the  cartridge-heads  in  the 
guide,  if  the  gun  were  at  a  high  elevation,  necessitating  a  correspond- 
ing inclination  of  the  feed-case,  some  of  the  cartridges  would  fall  out  on 
the  ground.  To  meet  this,  I  proposed  that  the  cover,  on  being  removed, 
be  turned  upside  down  and  held  against  the  cartridge-heads,  letting 
them  slide  along  it  as  they  entered  the  feed-guide.  Mr.  Parkhurst, 
however,  proposed  to  put  a  sliding  cover  inside  the  box  (Fig.  3,  Plate 
III);  this  being  done,  gave  such  good  results  that  it  was  favorably 
recommended  by  me  to  the  commanding  officer  National  Armory,  who 
authorized  its  adoption  for  the  Gardner  guns  then  being  made  for  the 
United  States,  the  inspection  of  which  I  was  conducting. 

While  good  for  the  machine-gun  this  did  not  meet  my  expectations,  in 
that  it  required  an  auxiliary  cover,  which  was  unnecessary  for  a  box  in 
which  the  great  mass  of  cartridges  to  be  packed  are  intended  for  use 
with  the  rifle  and  carbine. 

I  therefore  returned  to  the  idea  of  tearing  out  the  end  of  the  box  cover 
by  means  of  a  muslin  strip  (Fig.  4,  Plate  III)  in  the  manner  indicated 
in  the  report  previously  referred  to,  omitting  the  inner  cover  and  letting 
the  outside  cover  slide  over  the  cartridges,  as  it  would  be  compelled  to 
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by  the  central  rib  of  the  feed-gdide.  This  proved  exceediDgly  sat- 
isfBkctory,  giving  a  simple  form  of  box  which  can  be  made  in  quantity 
for  about  one  cent  each.  The  end  which  is  torn  out  by  the  muslin  is 
only  held  by  the  wrapping,  the  pasteboard  being  a  separate  piece.  It 
no  longer  being  necessary  to  preserve  the  feed-cases,  some  method  of 
paoking  in  the  limber-chest  (Plate  lY)  which  would  insure  the  non-shift- 
ing of  the  remaining  cartridges,  a  portion  oi^y  having  been  lired,  was 
Bext  to  be  devised.  On  calling  the  attention  of  the  company  to  this 
Mr.  Parkhnrst  proposed  the  following  simple  arrangement,  which  was 
adopted :  The  inner  sides  of  the  drawers  of  the  limber-chest  were 
grooved  as  shown  in  Plate  V ,  the  grooves  being  a  distance  apart  slightly 
greater  than  the  thickness  of  the  feed-case.  The  length  of  the  cases 
being  almost  exactly  four  times  their  thickness,  they  may  be  boxed  off 
either  horizontally  or  vertically  by  means  of  the  movable  partition  ac- 
companying each  drawer.  The  whole  makes  a  very  cotfipact  packing, 
is  simple,  cheap,  and  requiring  no  presentation  of  feed-cases  is  exceed- 
ingly convenient. 

Steps  were  next  taken  to  adapt  the  whole  system  of  feeding,  packing, 
&e.,  to  the  Gatling,  but  owing  to  its  being  a  very  much  more  rapid 
firing  gun  than  the  Oardner  and  to  the  fact  that  cartridges  can  only  be 
fed  to  it  in  a  single  row,  the  results  were  not  at  first  as  satisfactory  as 
wag  to  be  desired. 

A  cartridge-guide  similar  in  principle  to  the  Gardner,  but  having  a 
single  groove  for  the  cartridges,  was  prepared  for  trial  with  the  feed- 
ease  last  mentioned,  but  it  was  soon  made  evident  that  the  combination 
would  not  answer  for  two  reasons:  1.  The  guide  could  not  be  kept  full 
because  of  the  rapidity  with  which  liie  gun  could  be  fired,  but  10  car- 
tridges, or  one  row  of  the  box,  being  entered  at  a  time,  and  when  once 
emptied  the  first  cartridge  from  a  new  box  falling  irregularly  would  be 
caught  and  the  motion  of  the  gun  checked.  2.  After  entering  the  first 
row  of  cartridges  in  the  guide  the  sudden  pulling  away  of  the  box  to 
leave  them  there  threw  the  cartridges  in  the  other  row,  by  their  inertia, 
ftom  the  box  to  the  ground. 

Several  single  guides  were  then  made  with  the  view  of  filling  them 
when  not  on  the  gun,  and  changing  them,  as  is  now  done  with  the  tin 
feed-case^  the  advantage  of  the  former  being  that  seven  or  eight  could 
be  filled  in  the  time  required  for  one  of  the  latter,  while  preserving  the 
method  of  packing.  The  firing,  however,  was  not  continuous  as  desired, 
and  the  single-grooved  guide  was  definitely  abandoned.  A  double- 
grooved  guide  was  then  made  similar  to  the  Gardner,  except  that  the 
two  grooves  terminated  in  a  tapering  mouth-piece  for  the  hopper  of  the 
gon.  Trials  showed  no  certainty  whatever  of  the  two  rows  of  CHrtridges 
getting  through  the  tapered  mouth  without  binding,  and  the  method  was 
dropped. 

The  services  of  Mr.  L.  F.  Bruce,  of  this  armory,  were  then  placed  at 
iny  disposal,  and  it  is  to  his  ability,  inventive  skill,  and  unwearied  per- 
•istence  that  I  am  indebted  for  the  most  perfect  feed-guide  ever  proposed 
for  tiie  Gatling  or  any  other  machine  gun  which  requires  that  the  car- 
tridges be  fed  to  it  in  a  single  row.  8everal  attempts  were  made  with 
a  vibrator  or  pendulum  pivoted  at  the  upper  end  of  the  guide,  which 
alternately  swung  across  the  two  rows,  being  actuated  by  the  falling 
cartridges. 

These  attempts  were  still  unsatisfactory,  when  Mr.  Bruce  proposed  to 
pivot  the  double  guide  itself  to  a  plate  connected  with  a  single  guide 
entering  the  hopper  of  the  gun,  so  that  its  grooves  might  be  brought 
successively  in  line  with  the  single  guide.    From  this  time  success  was 
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assured.  Fig.  1^  Plate  XIX,  shows  a  front  view  (section  at  bottom), 
¥\g.  2  a  side,  and  Fig.  3  a  rear  view;  the  Plate  J,  Fig.  2,  having  been 
removed,  which  covers  the  spring  and  spindle  K,  by  means  of  which  the 
ilouble  guide  is  so  held  that  either  of  its  grooves  may  be  in  line  with 
that  of  the  single  guide.  A,  Figs.  1,  2,  and  3,  is  the  single  guide,  its 
upper  portion  being  a  flat  plate  to  which  the  double  guide  B  is  pivoted 
by  the  screw  C,  as  showji  in  section  in  Fig.  4,  its  lower  end  being  fitted 
with  a  mouth-piece,  D,  for  the  hopper  of  the  gun.  The  double  guide  is 
governed  in  its  motion  by  the  inclined  planes  £  and  F,  which  enter 
slots  G  at  its  lower  end.  These  inclines  have  also  another  function,  as 
explained  further  on.  A  projection,  H,  Fig.  3,  on  the  rear  of  the  double 
guide,  entering  the  recess  I,  cut  in  the  plate  of  the  single  guide,  limits 
the  lateral  motion  of  the  former,  so  that  either  of  its  grooves  may  be 
brought  in  line  with  that  of  the  latter.  The  spring  and  spindle  serve 
to  hold  it  in  either  position. 

The  operation  of  this  guide  is  as  follows:  Having  been  placed  in  the 
gun-hopper  and  securely  fastened  by  the  clamp  L,  it  is  filled  with  car- 
tridges direct  from  the  boxes  in  which  they  are  proposed  to  be  originally 
packed.  On  commencing  the  firing  all  cartridges  in  the  long  row  begin 
running  down ;  as  soon  as  the  last  cartridge  in  that  row  of  the  double 
guide  has  entered  the  single  guide,  the  weight  of  the  column  of  car- 
tridges in  the  other  row  of  the  double  guide  acting  on  the  inclined  plane 
F  deflects  the  guide  so  as  to  bring  this  row  in  line  with  the  single  guide. 
Should  the  weight  of  the  column  of  cartridges  be  insufficient,  the  press- 
ure on  this  column  resulting  from  the  entering  of  additional  boxes  of 
cartridges  produces  the  desired  eflect.  As  it  sometimes  happened  that 
the  guide  became  entirely  empty,  when  the  first  cartridge  down  ^being 
held  by  the  head  with  the  bullet  end  much  depressed),  was  liable  to 
jam  and  check  the  motion  of  the  gun,  Mr.  Bruce  proposed  to  put  in  a 
straightener  at  the  bottom  to  correct  its  position  before  passing  through 
to  the  carrier. 

This,  shown  in  section.  Fig.  1,  in  elevation.  Fig.  5,  and  in  plan.  Fig. 
6,  Plate  XIX,  is  simply  a  catch,  M,  hinged  to  the  side  of  the  mouth  of 
the  guide.  The  screw  K  may  be  turned  in  or  out,  decreasing  or  increas- 
ing the  ease  witli  which  the  catch  yields  to  the  weight  of  cartridges 
required  to  operate  it.  It  may  therefore  be  so  adjusted  as  to  hold  a 
single  cartridge  only.  When  the  column  of  cartridges  presses  from 
above  it  turns  about  its  hinge  and  the  cartridges  faU  through  to  the 
earner  of  the  gun.  In  connection  with  the  catch  a  roller,  O,  Figs.  1  and 
2,  secured  by  three  small  screws,  was  found  necessary.  This  guide  not 
being  entirely  satisfactory  because  of  its  small  capacity,  another  one, 
Plate  XII,  was  made  having  the  upper  guide  of  sufficient  length  to  hold 
30  cartridges  in  each  groove.  This  afforded  the  means  of  filling  with 
three  of  the  ordinary  boxes  of  20  each.  The  lower  or  single  gm&  was 
reduced  to  a  minimum  with  the  view  of  eliminating  the  distance  through 
which  the  cartridges  had  to  faU  after  the  upper  guide  shifted,  and  which 
sometimes  made  the  firing  somewhat  intermittent,  and  also  with  the 
view  of  keeping  the  total  length  down  to  that  of  the  present  tin  feed- 
ease,  so  that  it  could  be  carried  in  the  limber-chest  as  is  now  done. 

The  cartridge  straightener  at  the  bottom  of  the  mouth-piece  was  re- 
placed by  a  simple  fluted  roll  or  wheel.  A,  which,  turning  by  the  weight 
of  the  cartridge,  passed  the  latter  through  to  the  shelf  B,  by  wWch  it 
was  shunted  ofi'  into  the  carrier  of  the  gun.  In  order  to  remove  the 
guide  from  the  gun  at  any  time  without  permitting  the  cartridges  :o  fall 
from  it  to  the  ground,  the  roll  may  be  locked  by  pressing  down  the  slide 
C  until  it  enters  one  of  its  flutes.    The  slide  is  prevented  from  bsing 
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oat  by  the  spring  and  pin  D,  the  latter  of  which  enters  a  recess  in  the 
fender  E,  in  which  the  slide  w^orks. 

A  simple  and  better  form  of  clamp  for  securing  the  guide  to  the  gun 
was  also  devised.  The  inner  end  of  the  screw  F  works  in  an  under  cut 
in  the  shoe  G.  Owing  to  the  oblong  hole  H  admitting  of  motion  of  the 
pin  connecting  the  shoe  with  the  mouth-piece  of  the  guide,  the  shoe  has 
a  motioji  of  translation  as  well  as  rotation,  and  therefore  comes  to  a  firm 
bearing  against  the  front  of  the  hopper  of  the  gun.  This  guide,  in  com- 
bination with  the  paper  box,  has  proved  very  successful — though  it  is 
I>erfaaps  too  much  to  say  that  it  is  absolutely  perfect — giving  for  the  first 
time  a  continuous  fire  with  the  Gatling  gun,  and  thereby  making  it  the 
eqnal  if  not  the  superior  of  any  machine  gun  in  existence. 

We  are  now  enabled  to  carry  5,400  rounds  of  ammunition  in  the  lim- 
ber-chest of  the  narrow-track  (44")  carriage  furnished  by  the  Pratt  & 
Whitney  Company,  of  Hartford,  Conn.,  makers  of  the  Gardner  gun,  and 
4,860  in  that  of  the  Colt's  Patent  Fire  Arms  Manufacturing  Company, 
of  Hartford,  Conn.,  makers  of  the  Gatling  gun,  instead  of  2,000  by  the 
system  in  service;  to  diminish  the  weight  of  feed -cases  required  for  the 
latter  130  pounds  and  the  expense  by  nearly  $100. 

In  addition,  the  cartridges  as  put  up  at  an  arsenal  for  use  with  the 
service  rifle  and  carbine  aie  always  directly  available  for  use  with  the 
Gardner,  Gatling,  and  Lowell  guns. 

The  carriages  for  the  latter  two  guns  as  made  at  the  United  States 
Watervliet  .^j^enal  have  a  track  of  60  inches,  giving  much  wider  lim- 
ber-chests (Plates  YIII  and  XIII),  and  in  addition  the  Gatling  has  two 
and  the  Lowell  four  small  chests  parallel  to  the  gun.  The  proportionate 
increase  of  carrying  capacity  is  therefore  vastly  greater. 

Attention  was  next  turned  to  the  ^^  Lowell  battery  gun,"  which  also 
requires  that  cartridges  be  fed  to  it  in  a  single  row.  Under  the  present 
system  the  cartridges  are  first  inserted  in  tin  guides  (Figs.  4-6,  Plate  XV) 
holding  20  each,  which  are  in  turn  inserted  in  the  feed-guide  proper 
(Figs.  1-3,  Plate  XY)  when  the  gun  is  to  be  fired.  This  tedious  and 
puttering  method  necessitates  a  still  more  puttering  arrangement  of  the 
carriage  and  limber-chests  for  transportation  of  the  ammunition.  The 
tin  guides  having  been  filled,  they  are  so  packed  (Plate  XIY)  that  the 
cartridges  are  suspended  as  it  were  by  their  heads,  the  bullets  partly 
entering  holes  in  boards  arranged  to  separate  the  various  tiers.  To  so 
hold  the  guide  and  adjust  20  swinging  cartridges  that  they  shall  be  over 
their  respective  holes  before  being  lowered  to  position  requires  both  skill 
and  unremitting  attention,  the  cartridgea  persistently  getting  in  the 
wrong  ones;  and  when  this  operation  is  repeated  500  times  to  fill  the 
ammunition  boxes  which  accompany  a  single  gun,  sweetness  of  temper 
far  beyond  what  ordinarily  falls  to  the  lot  of  mortals  is  an  added  con- 
comitant. In  addition,  when  a  portion  of  the  cartridges  have  been  fired 
from  any  box  nothing  prevents  the  tipping  over  and  jolting  about  of  the 
remaining  ones. 

A  double  guide  (Plate  XYIII)  differing  in  no  respect  from  that  for 
the  Gatling  except  in  the  part  which  enters  the  hopper,  which  is  the 
same  as  at  present  in  use,  was  next  prepared.  Trials  with  this  guide 
showed  that  the  gun  could  easily  be  supplied  with  cartridges  so  as  to 
give  a  continuous  fire. 

CONCLUSIONS. 

It  now  affords  me  the  utmost  pleasure  and  satisfaction  to  announce 
as  an  accomplished  fact  one  of  the  most  important  simplifications  of 
ordnance  material  made  for  many  years,  viz : 

One  limber  for  all  machine  guns  in  service,  the  gun-carriages  differ- 
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ing  only  in  the  mountings  for  the  various  guns,  with  even  this  feature 
left  open  for  future  consideration ;  a  double  flanged  feed-guide  for  each 
gun;  the  use  as  a  feed-case  of  a  paper  box  holding  20  cartridges  as  pnt 
up  at  an  arsenal  for  the  rifle  and  carbine:  the  tot.al abolition  of  all 
special  appliances  for  feeding,  such  as  the  Oatling  tin  feed-case  (Plate 
IX),  the  Lowell  tin  guide  (Plate  XV),  &c.;  the  more  than  doubling  the 
cartridge-carrying  capacity  (12,100  instead  of  5,280  rounds)  of  the  Gat- 
ling  fleld  carriage  as  made  at  the  Unit^  States  Watervliet  arsenal ; 
increasing  that  of  the  Lowell  from  10,000  to  14,800,  and  the  Gardner 
narrow-track  carriage  from  3,000  to  5,400,  together  with  diminished 
cost  of  construction  of  the  carriages ;  of  the  special  appliances  for  the 
guns  and  their  useless  weight,  the  cost  being  for  the  132  feed-cases  ac- 
companying the  Gatlingfleld  carriage  $264  and  the  weight  about  340  lbs. 

BECOMMENDATIONS. 

In  view  of  the  foregoing  facts  1  have  the  honor  to  recommend  as  fol- 
lows: 

I. — Limber  atid  limber-chest. 

To  be  those  of  the  Lowell  [Plate  XVIJ,  as  made  at  the  United  States 
Watejrvliet  Arsenal,  the  drawers  of  the  chest  [Plate  XVIIl,  to  be  with- 
out covers  and  to  have  handles  like  that  of  the  upper  middle  chest,  and 
to  have  the  following  dimensions: 

Interior  measurement,  20".75  x  12''.5  x  V\ 

Bides,  ends,  and  bottoms,  0'^87  thick. 

Capacity  of  each  drawer  1,480,  and  of  chest  (6  drawers)  8,880  cart- 
ridges. 

In  addition,  two  drawers  to  be  carried  as  at  present  on  each  side  of 
the  gun,  or,  5,920  cartridges.  Total  number  of  rounds  accompanying 
each  gun,  14,800. 

IL — The  feed-gtiide. 

m 

For  the  Gatling,  as  shown  in  Plate  XII*. 

For  the  Lowell,  a«  shown  in  Plate  XVIIL 

For  the  Gardner,  same  as  at  present,  except  that  center  rib  should 
be  reduced  (Plate  YII)  to  that  of  Gathug  and  Lowell  to  admit  of  use  of 
the  same  paper  feed-case. 

II L — The  feed-case. 

Paper  box  as  shown  in  Plates  VII,  XII,  and  XVIIL  Exterior  di- 
mensions: body,  6".l  X  2"  x  1".3;  cover,  6".2  x  1".3  x  l'^4;  when 
fllled,  6".2  X  2".65  x  1".4.  One  end  of  cover  to  be  a  separate  piece  of 
pasteboard  to  admit  of  being  easily  torn  out  by  muslin  strip  pasted  on 
its  inner  side,  and  the  partitions  to  be  glued  to  bottom  of  box.  This  box 
also  to  be  used  for  packing  all  cartridges  for  use  toith  the  rifle  and  carbine. 

ALTERNATIVE  BECOM^rENDATIONS. 

Should  it  be  thought  desirable  to  afford  a  comparative  trial  in  the 
service  of  the  propos^  system  and  that  now  in  use,  with  the  same  gun, 
the  following  recommendations  are  made : 

I.  That  the  Lowell  carriage  be  issued  without  change,  the  four  am- 

*The  guide  herewith  sabuiitted  is  the  result  of  frequeut  trials  and  alteratious.  In 
A  new  one  the  small  plate  at  the  back  would  l>e  cast  solid  with  the  main  plat«,  the 
sBonth-piece  would  be  brazed  to  the  sinjjfle  cnide,  and  the  channel  in  that  guide  would 
be  straisht  instead  of  inclining  to  the  right,  admitting  of  a  straight-toothed  wheel. 
This  inclination  was  given  for  another  purpose  before  the  wheel  was  introduced. 
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mmition  boxes,  capacity  1,000  rounds  each,  on  the  gun-carriage  being 
fitted  as  at  present,  and  the  six  in  the  limber-chest,  capacity  1,120  each, 
packed  as  proposed  for  use  with  the  donble-flangea  guide. 

£L  That  the  Gatling  gun-carriage  be  issued  without  change,  the  small 
chests,  capacity  720  rounds  each,  parallel  to  the  gun,  being  filled  with 
the  ordinary  tin  feed-case  as  at  present.  That  the  limber-chest  (Plate 
X)  have  the  interior  removed  and  be  partitioned  like  the  Lowell,  except 
ihat  the  horizontal  partition  be  bat  0'^87  thick,  and  that  the  drawers 
(Plate  XI)  have  the  following  dimensions,  owing  to  the  smaller  size  of 
chest: 

Interior  measurement,  20".26  x  11".  3x7";  sides  and  ends,  0".87, 
and  bottom,  0".75  thick.  Capacity  of  each  drawer  1,280,  and  of  chest 
7,680  rounds. 

AUXILIARY  RECOMMENDATIONS. 

As  25  Gatling  guns  are  now  being  made  at  the  Colt's  Ai*mory,  Hart- 
ford, Conn.,  adapted  to  the  experimental  cartridge  (500-gr.  bullet)  for 
which  special  feed-cases  will  be  necessary,  it  is  recommended  that  25> 
donble-flanged  cartridge-guides  be  made  at  this  post  for  trial  with  them ; 
aLso,  if  the  carriages  have  not  yet  been  made  that  the  Lowell  limber, 
Watervliet  Arsenal  pattern,  with  drawers  of  the  size  first  recommended, 
be  issued  with  them,  the  gun-carriage  chests  being  constructed  as  at 
present  or  adapted  to  the  proposed  system  as  may  be  preferred.  The 
various  feed-guides  and  cases,  except  those  of  the  present  systems,  are 
submitted  herewith.  Appended  will  be  found  a  list  of  the  accompany- 
ing  plates. 

Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREEK, 
Captain  of  OrdnarwCj  U.  8.  A. 

To  the  Commanding  Officer  National.  Armory. 

National  Armory,  June  16, 1881. 

Since  the  above  was  written  a  change  in  the  form  of  the  guide,  by 
which  the  wheel  is  placed  to  the  right  so  as  to  roll  the  cartridges  in  the 
direction  the  carrier  is  rotating,  has  been  proposed.  This,  while  neces- 
sitating a  slight  change  in  the  hopper  of  the  gun,  seems  especially 
worthy  of  trial.  If  found  desirable  the  change  could  be  made  in  th« 
new  model  gun,  the  guide  herewith  submitted  being  issued  for  the  guns 
BOW  in  service. 

J.  E.  G. 

LIST  OF  PLATES. 

Plate  I.  Paper  box  for  cartridges. 

Plate         II.  Feed  guide,  filled  and  unfilled. 

Plate        III.  Feed-cases,  various  patterns. 

Plate        IV.  Gardner  limber-chest,  rear  view. 

Plate  V.  Gardner  limber-chest  drawers,  showing  method  of  packing 

ammunition. 
Plate        y  I.  Gardner  feed-guide  and  case,  present  system. 
Plate      VII.  Gardner  feed-guide  and  case,  i>roposed  system. 
Plate     VIII.  Gatling  limber-chest,  >Vatervliet  Arsenal  pattern,  rear 

view,  present  system. 
Plate        IX.  Gatling  feed-case,  present  system. 
Plate         X.  Gatling  limber-chest,  rear  view,  proposed  system. 
Plate        XI.  Gatling  limber-chest  drawers,  showing  proposed  method 

of  packing  ammunition. 
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Plate      XII.  Gatling  feed-guide  and  case,  proposed  system. 

Plate     XIII.  Lowell  limber-chest,  Watervliet  Arsenal  pattern,   rear 

view,  present  system. 
Plate     XIY.  Lowell  limber-chest  ammunition  boxes,  showing  metkod. 

of  packing,  present  system. 
Plate      XY.  Lowell  feed-guide  and  case,  present  system. 
Plate     XVJt.  Lowell  limber-chest,  rear  view,  proposed  system  for  ali 

mcichine  guns. 
Plate  XYIL  Lowell  limber-chest  drawers,  showing  proposed  method 

of  packing,  &c.,  for  all  guns, 
Plate  XYUI.  Lowell  feed-guide  and  case,  proposed  system. 
Plate     XIX.  Oatling  feed-guide  Ko.  1,  experimental. 
Plate      XX.  Showing  method  of  filling  feed-guide  direct  from  case. 

IFirat  indoraemenf] 

National  Armory,  June  16, 1881. 

Jlespectfully  forwarded  to  the  Chief  of  Ordnance. 

The  details  of  this  plan  for  harmonizing  and  simplifying  the  several 
methods  of  feeding  the  machine  guns  now  in  service  has  been  worked 
•ut  with  much  pains  by  Gaptain  Greer,  assisted  by  Mr.  L.  F.  Bruce,  a 
workman  of  this  armory,  and  I  think  it  meets  a  decided  want  of  the 
service. 

I  would  suggest  that  it  be  examined  and  tried  by  a  board  of  officers 
with  a  view  to  adoption. 

J.  G.  BENTON, 
Colonel  of  Ordnance^  Commwndm§. 
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APPENDIX '25. 

KEPORT  ON   THE    HUNT   LIFE-SAVING    PROJECTILE. 

BT  LIEUTENANT  D.  A.  LTLE,  ORDNANCE  DEPARTMENT,  U.  S.  A. 

(Eight  Plates.) 

I.  Dbsceiption. 

1.  The  projectile. 

2.  The  shore-can. 

3.  Principal  dimensions. 

a.  Projectile, 
ft.  Shore-can. 

4.  Weights. 

5.  Line. 

II.  Cost  op  Hunt  Pbojectilbs. 
III.  Method  op  using. 
!▼.  Experiments. 

1.  First  series. 

a.  Eecord  of  firings  with  Hunt  projectile,  December  20-21, 

1878. 
h.  Synoptical  transcript  of  notes  from  the  firing  record. 

2.  Second  series: 

a.  Becord  of  firings  with  Hant  projectile,  October  21-25, 1880. 
6.  Synoptical  transcript  of  notes  from  the  firing  record, 
e.  Remarks. 
d.  Velocities  of  the  wind. 

3.  Third  series: 

a.  Becord  of  simultaneous  firings  with  the  Lyle  and  Hunt 

systems  of  projectiles,  October  23-25, 1880. 
h.  Synoptical  transcript  of  notes  from  the  firing  record. 
0.  Bemarks. 
T.  Use  op  larger  lines. 


LIST  of  PLATiSS. 
EXPLANATION. 

PlaU  I. 

PI0TJBE  1. — Side  elevation  of  Hunt  line-carrying  projectile. 

H.  Head  or  point  of  shot. 
R.  Beinforce. 
B.B.  Body. 
W.W.  Wings. 

G.  Position  of  center  of  gravity  of  projectile  with  line. 
I.  Position  of  center  of  gravity  of  projectile  empty  (with 

out  line). 
C.  Center  of  figure  of  projectile. 
L.  Line. 

253 
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Figure  2. — Longitudinal  section  of  Hunt  projectile,  showing  side  ele- 
vation and  partial  section  of  coil  of  line. 
H.  Head. 
L.  Line. 

P.  Wooden  ping. 
W.W.  Wings. 

Figure  3. — Rear  elevation  of  Hunt  projectile,  showing  relative  positions 

of  wings. 
B.B.  Body. 
P.  Wooden  plug. 
L.  Line. 
W.W.  Wings. 

PUU 11. 

Figure  1. — Side  elevation  of  Hunt's  shore-can. 

Figure  2, — Plan  of  top  of  shore-can  with  paper  disk  removed,  showing 

coil  of  line  in  position  for  firing. 
Figure  3. — Plan  of  bottom  of  shore-can,  showing  safety-ring. 
Figure  4. — Longitudinal  section  of  shore-can,  showing  side  elevatioa 

and  partial  section  of  coil  of  line. 

Plate  III. 

Figure  1. — ^Diagram  showing  the  eflfect  of  a  transverse  wind  upon  the 

Hunt  line  and  projectile.    Velocity  of  wind,  15.34  miles 
per  hour. 

A.B.  Line  of  fire. 

A.  Position  of  3-inch  Lyle  gun  "A.^ 

0.  Position  of  shore-can  at  moment  of  firing. 

D.  Position  of  shore-can  after  firing. 

L.  L.  Position  of  line  after  firing. 

P.  Position  of  projectile  after  firing. 

W.W.  Direction  of  wind. 
Figure  2. — Diagram  showing  relative  positions  of  lines  of  fire  in  the 

comparative  trials  of  October  23-25,  1880. 

A.B.  Line  of  fire  for  Lyle  projectile. 

CD.  Line  of  fire  for  Hunt  projectile. 

A.  Position  of  2.5-inch  Lyle  gun. 

C.  Position  of  3-inch  Lyle  gun  "A." 

F.  Position  of  faking-box  for  Lyle  projectile. 
H.  Position  of  Hunt's  shore-can  and  line. 
EE.  Wire  from  battery  to  guns. 

G.  Return  wires  which  complete  the  galvanic  circuit. 

Note. — In  Plates  IV  and  V  the  planes  of  fire  are  projected  upon  the 
same  vertical  plane,  or,  in  other  words,  the  two  planes  are  assumed  to 
coincide,  in  order  that  the  deviations  and  drifts  may  be  measured  from 
the  same  right  line  {i.  e.,  the  common  horizontal  trace  of  the  two  planes) 
for  purposes  of  direct  graphical  comparison. 

Plate  IV. 

Figure  1. — ^Diagram  showing  the  relative  positions  on  the  grounds  of 

the  Lyle  and  Hunt  shot-lines  in  the  "  first  set''  of  sim- 
lutaneous  firings,  October  21, 1880. 
A.  Position  of  Lyle  projectile  after  firing. 
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B.  Position  of  Hant  projectile  after  firing. 

C.  Firing  point. 

G.D.  Horizontal  projection  of  lines  of  fire. 

a.a.a.  Position  of  Lyle  line  on  the  ground  after  firing. 

b.b.b.  Position  of  Hunt  line  on  the  ground  after  firing. 

W.  W.  Direction  of  wind. 
FiauBE  2. — Diagram  showing  the  relative  positions  on  the  ground  of 

the  Lyle  and  Hunt  shot-lines  in  the  ^^  second  set "  of 
simultaneous  firings,  October  21, 1880. 

A.  Position  of  Hunt  projectile  after  firing. 

B.  Position  of  Lyle  projectile  after  firing. 

C.  Firing  point. 

G.D.  Horizontal  projection  of  lines  of  fire. 
a.aM.  Position  of  Lyle  line  on  the  ground  after  firing. 
h.b.b.  Position  of  Hunt  line  on  the  ground  after  firing. 
W.  W.  Direction  of  wind. 

Plate  V. 

FiGUBE  1. — ^Diagram  showing  the  relative  positions  on  the  ground  of 

the  Lyle  and  Hunt  shot-lines  in  the  "  third  set "  of  sim- 
ultaneous firings,  October  25, 1880. 

A.  Position  of  Lyle  projectile  after  firing. 

B.  Position  of  Hunt  projectile  after  firing. 

C.  Firing  point. 

O.D.  Horizontal  projection  of  lines  of  fire. 

£.  Position  of  Hunt  shore-can  after  firing,  51  feet  in  front  of 

firing  point. 
a.a.a.  Position  of  Lyle  line  on  the  ground  after  firing. 
b.b.b.  Position  of  Hunt  line  on  the  ground  after  firing. 
W.W.  Direction  of  wind. 
FiauBE  2. — ^Diagram  showing  the  relative  positions  on  the  ground  of 

the  Lyle  and  Hunt  shot-lines  in  the  ^'  fourth  set"  of  simul- 
taneous firings,  October  25, 1880. 

A.  Position  of  Lyle  projectile  after  firing. 

B.  Position  of  Hunt  projectile  after  firing. 

C.  Firing  point. 

O.D.  Horizontal  projection  of  lines  of  fire. 
n.a.a.  Position  of  Lyle  line  on  the  ground  after  firing. 
b.b.b.  Position  of  Hunt  line  on  the  ground  after  firing. 
W.W.  Direction  of  wind. 

Plate  VI. 

Diagram  showing  normal  trajectory  for  an  angle  of  projection  of  25^ 
and  an  initial  velocity  of  250  feet  -per  second ;  also  showing  the  action  of 
the  resistance  of  the  air  upon  the  Hunt  projectile. 
FiaxTBE  1. — Vertical  projection  of  normal  trajectory,  showing  abscissas 

and  ordinates. 
A. — Firing  point,  the  origin  of  co-ordinates  being  taken  at 
the  center  of  the  bore  at  the  muzzle  of  the  piece. 

B.  Point  of  fall. 
A.B.  Eange. 

C.  Highest  point  of  trajectory. 
A.D,  Line  of  projection. 
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Figure  2. — ^Vertical  projection  of  normal  trajectory. 

A.  Firing  point. 

B.  Point  of  fall. 
A.B.  Eange. 

A.B.  Line  of  projection. 
H.  Hunt  projectile. 
G.  Center  of  gravity. 

F.  Center  of  iigare. 

T.  Tangent  to  trajectory. 

E. .  Besultant  of  the  resistance  of  the  air^  whose  line  of  direc- 
tion passes  through  the  center  of  figure. 
Note. — The  surface  of  the  projectile  exposed  to  the  resistance  of  the 
air  is  included  between  the  dotted  lines  parallel  to  the  tangent,  and  B 
is  the  resultant  of  this  resistance,  which  diminishes  the  yelocity  and 
range  of  the  projectile  and,  as  shown  in  the  figure,  tends  to  rotate  the 
rear  end  of  the  projectile  about  its  center  of  gravity — ^upward  in  the 
first  case  and  downward  in  the  second.  This  action  of  the  resistance  of 
the  air  produces  the  vertical  oscillations  observed  in  the  projectile's 
flight. 

Plate  riL 

Diagrams  of  the  Hunt  and  Lyle  life-saving  projectile,  showing  the 
action  of  lateral  winds  to  produce  a  motion  of  rotation  about  the  center 
of  gravity. 
Figure  1. — 2.5-inch  Lyle  projectile. 

G.  Center  of  gravity. 

C.  Center  of  figure. 

li.  Eesultant  force  of  lateral  wind. 

C.F.  Direction  in  which  the  force  of  the  wind  tends  to  rotate 
the  projectile  about  the  center  of  gravity. 
FiauRE  2. — Diagram  showing  the  relative  directions  in  which  the  late- 
ral forces  of  the  wind  and  the  weight  of  the  projectile 
act. 
C.  Center. 

L.  Direction  of  wind. 
W.  Weight. 
Figure  3. — 3-inch  Hunt  projectile. 

G.  Center  of  gravity  when  full  of  line. 
I.  Center  of  gravity  when  empty. 
C.  Center  of  figure. 

B.  Besultant  force  of  lateral  wind. 

CD.  Direction  in  which  the  force  of  the  wind  tends  to  ro- 
tate the  projectile  about  the  center  of  gravity  G  when 
the  projectile  is  full  of  line. 
C.A.  Direction  in  which  the  force  of  the  wind  tends  to  ro- 
tate the  projectile  about  the  center  of  gravity  I  when 
the  projectile  is  empty. 
Figure  4. — Diagram  showing  the  relative  directions  in  which  the  lateral 

forces  of  the  wind  and  the  weight  of  the  projectile  act. 

C.  Center. 

L.  Direction  of  wind. 
W.  Weight. 

Plate  VIII. 

This  plate  shows  the  Hunt  projectile  and  shore-can  in  position  for  fir- 
ing from  the  3-inch  Lyle  life-saving  gun  A,  and  the  method  of  firing. 
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HUNT'S  LIFE-SAVING  PROJECTILE. 

This  apparatus  consists  of  a  projectile  and  a  tin  can  known  as  the 
shore-can.  It  is  intended  for  life-saving:  purposes  to  be  used  in  connec- 
tion T^itb  a  gun  or  mortar  of  suitable  dimensions. 

I.— Description. 

1.  THE  PROJECTILE — CALIBER,  3  INCHES. 

Plate  I. 

The  body  of  the  shot  or  projectile  is  composed  of  a  tin  tube  closed  at 
the  front  end  by  a  disk  of  iron.  The  head  or  point*  is  made  of  lead 
cast  upon  the  end  of  the  tin  tube.  The  lead  extends  up  the  sides  of  the 
tube,  forming  a  thin  coating  for  a  distance  of  3'^2  from  the  plane  of  the 
head.  The  diameter  of  the  flat  head  is  2.9  inches,  but  when  fired  ex- 
pands to  the  full  size  of  the  bore.  The  tube  is  reinforced  for  6  inches 
of  its  length  above  the  lead  with  a  galvanized  sheet-iron  tube.  The 
object  of  this  reinforce  is  to  strengthen  the  tube  and  prevent  upsetting 
when  fired.  Near  the  rear  end  of  the  tube  four  trapeziforrn  pieces  of 
tin  termed  "wings"  are  soldered  to  the  tube  at  right  angles  to  each 
other  and  equidistant  circumferentially  for  the  purpose  of  guiding  the 
projectile  in  its  flight  after  the  manner  of  the  barbs  of  an  arrow.  About 
250  yards  of  small  line  is  coiled  on  a  spindle  in  a  lathe,^  after  passing 
through  a  saturating  solution  of  paraffine.  This  coil  is  wrapped  with  a 
thicknessof  laboratory  paper,  and  when  withdrawn  from  the  lathe-spin- 
dle is  placed  in  the  tin  tube.  The  exterior  end  of  the  line  is  made  fast 
to  a  wire  loop  which  j>rojects  from  the  rear  end  of  the  tube.  The  wire 
is  soldered  to  the  tnbe.  The  rear  end  of  the  tube  is  then  closed  with  a 
wooden  plug  one  inch  (1")  in  thickness  and  of  the  same  diameter  as  th^ 
inside  of  the  cylinder.  An  axial  hole  one  inch  in  diameter  serves  for 
the  hue  to  pass  through  in  escaping  from  the  shot.  A  paper  disk  is 
pasted  over  this  end  of  the  projectile,  which  must  be  removed  before 
liring  in  order  to  secure  and  withdraw  the  end  of  the  line. 

2.  THE  SHORE-CAN. 

Plate  11. 

This  can  contains  the  shore-line  and  is  made  of  tin.  It  is  a  short 
<5ylindrical  tube,  of  greater  diameter  than  the  body  of  the  shot.  The 
lower  end  is  closed  by  a  bottom  of  the  same  material  as  the  cylindrical 
body.  To  the  bottom  a  ring  is  attached  in  which  is  tied  a  line,  or 
through  which  a  stake  is  driven,  to  prevent  the  can  from  being  carried 
off  in  firing.  Holes  are  punched  through  the  bottom  over  each  side  of 
the  ring-seat,  through  which  the  end  of  the  line  belonging  to  the  outer 
coil  is  passed  and  tied  to  secure  the  line  to  the  can.  This  shore  can 
contains  about  250  yards  of  small  line,  coiled  in  a  lathe  and  saturated 
with  paraffine  in  the  same  manner  as  the  line  in  the  shot.  After  coil- 
ing, the  line  is  placed  in  the  can  and  the  tin  cover  put  on.  The  cover 
has  a  central  hole  1".6  in  diameter  through  which  the  line  is  paid  out. 
A  strij)  of  laboratorj'  paper  is  pasted  anmnd  the  can  so  as  to  overlap 
the  junction  of  the  cover  and  body  of  the  can  and  prevent  the  removal 
of  the  former.  A  paper  disk,  which  must  be  broken  before  firing,  is 
parted  over  the  hole  in  the  top. 

•The  term  "point"  is  used  throughout  thiB  deBcriptiou  and  report  in  its  technical 
fiense. 

17  OED 
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3.  PRINCrPAIi   DIMENSIONS. 

flf. — Projectile,     • 

Total  length 22. (> 

Head.     Length,  includiog  coating  of  lead «3".2 

Diameter  before  flring 2".i* 

Diameter  after  firing,  abont .T'.  0 

Form  of  point  or  head Flat. 

Reinforce.     Galvanized  sheet-iron — exterior  diameter 2''.  H4 

Length  in  rear  of  lead  coating 6".  0 

Tin  case.    Exterior  diameter 2".  H 

Length  in  rear  of  reinforce 13^'.  4 

Distance  of  center  of  gravity  from  fiat  point  or  head  of  shot  when  coil  of 

line  is  inside 6".  0 

Distance  of  center  of  gravity  from  flat  point  or  head  of  shot  iK'hen  empty 

(i.  e.,  line  all  out) ",     :V\2 

Distance  of  center  of  fignre  from  flat  point  or  hea<l  of  shot 12".  4 . 

Distance  between  centers  of  gravity  and  figure  when  line  is  in  shot 6".  4 

Distance  between  centers  of  gravity  and  figure  when  shot  is  empty 9".  2 

Sq.  ft.  Sq.  ins. 

Area  of  flat  point  or  head  of  shot 0.049    =    7.0(385 

Area  of  longitudiual  section  of  shot,  including  two  opposite 
wings 0.5132  =  73.9 

b. — Shore-can. 

Total  length i 5".0 

Exterior  diameter  of  can 5''.46 

Exterior  diameter  of  cover .V.50 

Exit-hole  in  cover — d^jjneter 1".60 

4.  WEIGHT. 

Weight  of  shot  with  line 10.50  lbs.  to  12.75  lbs. 

Weight  of  empty  shot 8.75    " 

Weight  ofline  in  shot 3.5      "        4.0      '' 

Weight  of  shore-can  and  line 3.75    ** 

5.  LINE. 

Length 500  yards. 

Diameter O.llb  inch. 

Kind  ofline Twisted. 

Material 1 Linen. 

Total  weight  ofline * 7.857  lbs. 

II. — ^COST. 

Twenty-five  3-inch  Hunt  life-saving  projectiles  were  purchased  from 
the  inventor  for  experimental  purposes.  Five  of  these  projectiles  were 
ordered  without  the  "wings."  The  inventor's  first  estimate  was  $15 
each,  including  a  shoreline  and  can  for  each  projectile,  but  later  he 
agreed  to  furnish  them  at  $12  each,  which  was  the  price  paid  for  them. 

ni.— Method  of  using. 

Suppose  the  gun,  projectiles,  and  shore-can  to  be  on  the  firing  ground 
and  the  gun  in  x^osition  for  firing,  the  operations  are  as  follows : 

Insert  the  powder  charge,  tear  the  paper  cap  from  the  rear  end  of  the 
projectile,  and  draw  out  a  couple  of  feet  of  the  line ;  x)lace  the  projectile 
in  the  bore  with  the  flat  leaden  head  first.  Then  tear  the  paper  cap 
from  the  hole  in  the  top  of  the  shore-can  and  pull  out  about  2  feet  of 
line ;  tie  the  ends  of  the  line  together  and  place  the  shore-can  near  the 
gun  on  the  windward  side.  Tlie  proper  elevation  is  then  given  to  the 
piece,  the  priming-wire  inserted  in  the  vent,  a  friction-primer  put  in, 
and  the  gun  fired. 
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IV. — Experiments. 

1.  FIRST  SERIES. 

This  series  of  experiments  was  made  at  Sandy  Hook,  if.  J.,  by  Lieut. 
I>.  A..  Ijyle,  Ordnance  Department,  U.  S.  A.,  and  Keeper  John  0.  Pat- 
terson, jr.,  of  Life  Saving  Station  No.  1,  District  Ko.  4,  and  before  the 
organization  of  the  Board  on  Wreck  Ordnance. 

It  seemed  impossible  to  get  a  day  when  there  was  a  head  wind  blow- 
ing", and  after  waiting  two  days  for  the  direction  of  the  wind  to  change 
it  was  determined  to  proceed  with  the  firing.  The  results  of  the  experi- 
ments, made  December  20, 21, 1878,  are  embraced  in  the  tabular  state- 
ment given  below: 
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h. — Synoptical  transcript  of  notes  from  the  firing  record.    HunVs  Ufe-saving  projectile  and 

"S'inch  Lyle  bronze  gun  A, 


Date. 


21 


o 
JZ5 


1S78. 
Dec  20 

20 

20  , 
20 

20 


20  I 
21 


3 

4 


8 


Shot  withont  "  wini^B"  tnmed  oyer  and  over  about  shorter  axis  throughout  tnyectoi^y, 
A  little  of  the  line  left  in  the  shot.    Good  line  shot. 

Shot  with  wings.  Rotated  about  shorter  axis  fos  250  yards  and  then  continued  point 
first  to  end  of  tnOectoi^.    Shot  carried  off  shore- line  can. 

Shot  with  wings.    Rotated  as  before.    Line  all  out  of  shot. 

Shot  carried  oat  all  line  in  itself  and  ''shore-can."  Carried  can  200  yards  down  the 
range. 

Time  of  flight  uncertain,  as  falling  snow  made  shot  indistinct.  Gun  pointed  a  little  f  o 
the  left  by  mistake,  which  accounts  for  a  portion  of  the  drift  in  the  line  noted  in  the 
record.  Falling  snow  rendered  range*flags  obscure.  Shore-cans  carried  down  the 
beach.    All  line  out. 

Shot  with  "wings."    All  line  carried  out.    Can  carried  down  the  beach  by  the  line. 

Instead  of  shore-line  a  faking-box  "fi"and  Silver  Lake  line  No.  4^  were  used.  The 
line  in  the  shot  was  attached  directly  to  the  braided  line  in  the  faking-box.  About 
200  yards  of  line  was  drawn  from  the'  faking-box. 

No  remarks.  The  combined  lengths  of  line  in  the  shot  and  "shore-can"  proved  to  bo 
too  short  for  the  ranges  obtained  on  Dect^mber  20,  as  four  out  of  six  of  the  "shore- 
cans"  were  carried  down  the  range,  distances  varying  iVom  50  yards  to  200  yards, 
which,  would  have  been  a  very  serious  matt«r  had  the  shots  been  fired  out  to'sea  to 
effect  communication  with  a  stranded  vessel. 


2.  SECOND  SERIES. 


The  experiments  comprising  this  series  were  made  by  and  under  tho 
direction  of  the  Board  on  Wreck  Ordnance,  under  the  Treasury  De- 
partment. 

The  lack  of  a  proper  firing  ground  and  adverse  winds  when  the  ord- 
nance-proving ground  at  Sandy  Hook  was  available  caused  the  experi- 
ments to  be  postponed  from  time  to  time.  There  were  so  few  i>rojectile8 
at  the  disposal  of  the  board  that  it  was  not  deemed  advisable  to  expend 
any  more  until  a  head  and  cross  wind  should  be  obtained.  These  causes, 
together  with  the  diverse  and  pressing  duties  of  the  several  members  of 
the  board  in  connection  with  their  other  labors,  rendered  it  extremely 
difficult  to  obtain  the  presence  of  a  majority  of  them  upon  any  partic- 
ular date.  Several  attempts  were  made  to  continue  the  firing,  but  they 
were  each  time  frustrated  by  sudden  changes  of  wind,  which  would  con- 
tinue to  blow  with  a  provoking  pertinacity  fnmi  the  wrong  quarter.  At 
^ength,  on  October  21, 1880,  the  board  succeeded  in  getting  a  head  wind, 
and  though  it  was  only  a  brisk  breeze,  varying  from  12  to  15  miles,  and 
in  one  instance  to  17  miles  per  hour,  it  was  decided  to  make  the  most  of 
it.  Accordingly,  10  shots  were  fired  in  rapid  succCvSsioQ  before  the  wind 
changed  direction.  The  last  shot  of  the  series  of  October  21st  was  fired 
over  a  range  measured  at  right  angles  to  the  direction  of  the  wind, 
which  was  blowing  from  the  left  side  with  a  velocity  of  15.34  miles  per 
hour.  (See  Plate  III,  Fig.  I.)  The  results  are  given  herewith,  presented 
in  tabular  form.  The  last  round  in  the  table  (No.  11)  was  fired  on  Octo- 
ber 25,  1880,  with  a  wind  from  the  right  and  rear,  blowing  at  the  rate  of 
17.476  miles,  or  nearly  17J  miles  i>er  hour. 
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^. — Synoptieal  transcript  of  notes  from  the  firing  record.    Hunt's  life-saving  projectiles 

Caliber  3  inches. 


Bate. 


I 


1880. 
October  21 


I 

21  I 
21  ! 
21  . 


21 
21 

21 
21 

21 

21 


25 


2 
3 
4 


5 
6 

7 
8 

9 

10 


11 


Shot  rotated  abont  shorter  axis  irrei^larly  throa^hout  trajectory.  The  wire  loop 
which  attached  the  shot  to  the  line  came  off  when  the  line  was  all  oat  of  the 
can,  and  the  end  of  the  line  fell  to  the  ground.  After  freeing  itself  from  the 
line  the  shot  passed  out  of  sight  in  the  sand  and  bashes  and  was  lost.  The  range 
was  measured  by  the  distance  between  the  firing  point  and  the  free  end  of  the 
line. 

Action  of  the  shot  and  line  good. 

Projectile  wabbled  throughout  the  trajectory. 

Projectile  rotated  three  or  four  times  about  one  of  its  shorter  axes.  All  the  line 
drawn  oat  of  shot.  Wire  loop  on  shot  cut  the  line,  whose  loose  end  was  found 
360  jards  from  the  firing  point.  The  wooden  ping  in  the  rear  end  of  the  shot 
was  palled  out  and  remamed  on  the  line.    Shot  lost. 

Shot  rotated  abont  shorter  axis  several  times ;  angle  of  &11  great. 

Shot  rotated  horizontally  four  times  about  ita  shorter  axis ;  line  parted  trom  shot ; 
wire  loop  pulled  out ;  shot  lost. 

Shot  rotated  five  times ;  line  parted  tvom.  shot :  wire  loop  pulled  out ;  shot  lost 

"So  *' wings"  on  projectile.  The  latter  rotated  abont  shorter  axis  throughout 
trajectory ;  motion  very  irregular. 

No  "wings"  on  projectile;  motion  of  shot  in  trajectory  heliooidal  and  very  ir- 
regular. 

Direction  of  wind  perpendicular  to  the  plane  of  fire ;  shot  rotated  three  times 
about  shorter  axis ;  all  the  line  carried  out  of  both  shot  and  shore-can  ;  shot  and 
line  drifted  badly  "with  the  wind";  shore-can  carried  27  yards  to  the  jfront 
ftom  the  firing  point.  The  line  was  found  in  loose  coils  near  the  empty  shot. 
The  drift  of  the  line  at  the  200-yards  stake  was  265  feet  to  the  right,  or  greator 
than  the  drift  opposite  the  300-yards  stake.    (/See  Plate  III,  Fig.  1.) 

No  "wings"  on  projectile;  all  line  out;  shore-can  carried  147  feet  to  the  Aront 
from  the  firing  point. 


c. — Remarks. 


October  21, 1880. — Weight  of  shore-can  and  hand-line  3.75  poands. 
Ijeiigthof  line  in  can,  720  feet;  length  of  line  in  shot,  792  feet.  Total 
length  of  line  in  shot  and  can,  1,512  feet.  It  was  probably  intended  that 
the  shot  and  can  shoald  contain  750  feet  each.  The  shore-can  (made  of 
tin),  contd>ining  the  hand-line,  was  x)laced  4  feet  to  the  right  and  on  a  line 
with  the  ranzzle  of  the  gun,  except  in  round  No.  10,  when  it  wfis  placed 
4  feet  on  the  left  of  the  gun,  on  the  windward  side.  Every  coil  drawn 
out  of  the  shot  put  a  twist  in  the  line.  The  line  is  passed  through  hot 
parafflne  when  coiled  by  the  maker,  which  in  cooling  hardens  slightly 
and  binds  the  coils  together  and  prevents  tangling  in  running  out.  In 
the  majority  of  cases  on  this  date  the  drift  of  the  Une  was  greater  at  the 
200yard8  stake  than  at  the  300 yards  stake.  In  former  experiments 
with  this  projectile,  made  in  warmer  weather,  it  was  found  that  the 
paraffine  with  which  the  line  is  saturated  made  it  slippery,  difficult  to 
^asp,  and  that  in  attempts  to  haul  upon  it  great  difficulty  was  expe- 
rienced to  prevent  its  slipping  through  the  hands.  The  weather  being 
cold  a  length  of  the  line  was  placed  in  the  cold  salt  water  and  left  for 
several  minutes;  when  remov^e<l  it  was  found  that  the  cold  sea- water  had 
hardened  the  paraffine  and  had  made  the  Une  harsh  to  the  touch  and 
much  less  slippery.  Hauling  upon  the  line  could  be  more  readily  per- 
formed without  very  much  slipping. 

d, — Velocities  of  the  icind. 

Station,  Sandy  Hook,  N.  J. ;  date  October  21, 1880.  Experiments  be- 
gan at  about  1.20  p.  m.,  and  ended  at  2.30  p.  m.    The  following  table 
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gives  the  velocities  of  the  wind  as  indicated  by  the  self-registering 
anemometer  on  the  United  States  Signal  Service  building  during  the 
experiment : 
Height  of  anemometer  above  ground,  40  feet  7  inches. 


Time 
V.  M. 


I  Velocity  of  tlie  wind. 
I        Miles  per  hour. 


1.20 
1.30 
1.40 
1.50 
3.00 
2.10 
2.20 
2.30 


24 
20 
20 
20 
20 
20 
20 
18 


The  surface  velocities  of  the  wind  at  the  firing  point,  as  indicated  by 
a  delicate  Casella  anemometer,  are  given  below  for  each  shot  fired  be- 
tween 1.20  p.  m.  and  ii.30  p.  m.  on  October  21,  1880: 

Height  of  instrument  above  ground,  6  feet. 


Velocity  of  wind  in— 

Xo.  of  round. 

Feet  per  second. 

Miles  per  hour, 
approximately. 

1 

25.0 

17.0 

•> 

23.5 

16.0 

3 

18.3 

12.5 

4 

20.1 

14.0 

5 

20.5 

14.0 

6 

22.5 

15.4 

7 

22.0 

15.0 

8 

23.7 

16.0 

9 

22.5 

15.4 

10 

22.5 

15.4 

It  will  be  noticed  that  the  velocities  given  by  the  self-registering  ane- 
mometer are  greater  than  those  given  by  the  Casella  instrument.  This 
is  partly  due  to  the  difference  in  altitude,  but  more  to  the  fact  that  the 
heavier  instrument  develops  sufficient  momentum  during  the  intervals, 
when  the  wind  is  brisk,  to  keep  up  the  rot?ation  during  the  intervals 
marked  by  temporary  lulls  in  the  force  of  the  wind.  The  small  mass  of 
the  Casella  rotating  wheel  favors  its  ready  response  to  the  slightest 
variations  in  the  strength  of  the  wind.  Its  indications  are  more  accu- 
rate than  those  of  the  coarser  and  heavier  instruments,  and  have  been 
accepted  as  standard  measurements. 

3.   THIRD   SERIES. 

This  series  of  experiments  was  made  in  order  to  institute  a  direct  com- 
parison between  the  line-carrying  properties  of  the  Lyle  and  Hunt  sys- 
tems of  projectiles.  The  3-inch  Lyle  gun  "A"  was  used  to  fire  the  Hunt 
projectile,  and  the  service  2.5- inch  Lyle  gun  for  the  Lyle  i>rojectile.  The 
elevations  given  the  guns  in  each  set  of  shots  were  identical.  The  pieces 
were  fired  simultaneously  by  electricity  in  order  to  have  the  conditions 
of  the  atmosphere,  the  direction  and  force  of  the  wind  the  same  in  both 
cafles.  One  gun  was  trained  to  fire  over  the  original  measured  range, 
and  the  other  over  a  measured  range  parallel  to  the  original  one 
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and  35  feet  distant  from  that  range.  The  horizontal  projections  of 
the  parallel  planes  of  fire,  the  relative  positions  of  the  guns,  and  the 
arrangement  of  the  electric  Wires  are  shown  in  Fig.  2,  Plate  III.  The 
charge  of  powder,  three  (3)  ounces,  used  with  the  Hunt  projectile  was 
the  charge  prescribed  by  Mr.  Hunt  in  a  letter  written  by  him,  dated 
November  7, 1878.*  This  charge  was  fifteen  one- thousandths  (yfrg^)  the 
weight  of  his  projectile  weighing  12.5  pounds.  The  six  (6)  ounces  used 
the  first  day  with  the  Lyle  projectile  is  twenty  one- thousandths  (j^^^)  of 
the  weight  of  that  projectile.  Thus,  assuming  the  lines  to  be  of  the 
same  -size  and  weight  (which  they  were  not — the  Silver  Lake  No.  4  line 
being  greater  in  diameter  and  weight  for  the.  same  length  than  the  Hunt 
line),  the  charge  for  the  Lyle  projectile  was  proportionally  heavier  than 
that  for  the  Hunt.  On  the  second  day  the  board  directed  seven  (7) 
ounces  to  be  used  with  the  Lyle  projectile  to  see  whether  it  would  break 
the  line  or  not,  as  the  amount  of  powder  charge  was  considered  to  be 
immaterial,!  so  long  as  no  part  of  the  apparatus  was  affected  injuriously 
or  its  future  usefulness  impaired. 

The  results  of  the  simultaneous  firings  are  presented  in  the  table  given 
below. 

*lir.  Hunt,  iu  his  letter  of  November  1, 187H,  recommeDds  *^2^  ounces  for  short  range 
and  3  oances  for  long  range/'  and  states  in  his  letter  of  Noyember  7,  1878,  '^3  ounce» 
of  powder  will  be  all  that  is  needed  to  throw  out  the  line/' 

tFrom  its  small  cost  and  from  the  small  limits  within  which  charges  for  life^aving 
purposes  may  vary. 
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I. — Symopticml  iramKript  of  ■<>.'<«  fntm  tkf  J^rin^  r^-t^rd.     Simm1:timocfmt  jfrinf*  0/  Z.r.V  *md 

Hmmt  >j^«.'<M4  of  Uft-^nrimQ  proJ«!iU*^ 


Date.  _-       .  . -  •  Keaaarks. 


October  23    |  f         1        Ltix  rE'VEcnuL— Tune  of  dicht  lost  br  oliwrvt-r.    'BfgUk  firing  at 

,  I  I'.jTa.  ai. 

23     ;    iBi  ;  2         H;  VI  r>;:v  JZ  ttlx.— SL>t  sa^Mr-alv  rhAUi?jHl  dirv^rtu^n  mhI  cro«s»vd  Xo^  Tt 

j  I.:!-  ■;•.!•  I  w  ihr  S-^'vini  poinl.    *rijo  Droj^rtilenok  ^apin  iWev^of  tko 

j  (  « .a  I."  due  10  a  s<aili'.*'n  cum  of  wind. 

TLt-se  two  shot*  wt  r>-  nrerl  at  ih«*  a^uue  instant  bv  ni«^an» of  eUvtricit3r, 
in  orltT  to  HI «ke  a  dii>H:  t  com]kandon.  both  projti^  iitr;»  briug  ludaeaCM 
hv  thi-  <.-*in«-  force  of  wind. 
23     )  r         ^        L^  .E  Pi:oiErTii.E. — ^Ti ni«- of  flisht  Uii«t:  action  of  liiio  £ik^.    Drift  of  lino 

j  I  It  s»  at  '_  /o-vanla  stake  than  at  ^<0  vardji. 

23     J*    2d  4        Hint  rKiOErnui.— Drift  of  line  i>  v'ards  gteatir  at  iHW-yarda  »take  tlm 

I  .  at  Jw  varda.    All  the  line  carritHl  oat.    Wirt>  U»t>p  in  ahot  not  palled 

J  I  out- 

The  two  9faot«  fonning  this  set  were  fired  at  the  same  instaiit  by  elce> 
tri«*ii  V.  at  9.46  a.  m. 
23    )         (         5        Lyle'  pbujkctils.— Used  iron  fakine-box   B.     Unbleached  linen  line 

S    3d  J  X0.4. 

25    >         (         6         HiXT  PRnjECTiLl. — Shore-can  carried  ont  51  feet  toward  the  fVtwt. 

Theae  ^faota  were  tiivtl  within  lu  »econda  of  each  other;  the  primer 
failt-d  to  rxplnde  one  cliargt\ 
23    ^         ^         7        Lyle  PSOJEcn-ius.— Used  iron  fakinjr-box  B.     Loose  coils  fband  Yiesr 

^  4th  <  shot. 

25)         (         8        Hint  rROjRmiJc.— Action  of  line  good.    Loose  coils  found  near  shot. 

These  two  shots  were  fired  simultaneonsly. 

The  supply  of  Hant  projectiles  having  been  exhanstecl,  the  trials  were 
broaght  to  a  close. 

V. — ^USE  OF  LARGER  LITTES. 

As  has  been  seen  in  the  foregoing  pages,  the  size  of  the  Hunt  lines 
falls  between  the  Nos.  3J  and  4  Silver  Lake  lines.  It  is  also  evident 
that  the  tin  ca»se  of  the  Hunt  projectile,  even  if  it«  diameter  be  increased 
to  3" .5,  will  not  contain  a  greater  length  of  line  of  a  larger  diameter  than 
it  now  does  of  the  smaller  line.  The  latter  line,  as  has  been  shown,  is 
already  short  enough  when  the  maximum  charge  ot  3  ounces  of  powder 
is  used.  The  Lyle  projectile  has  energy  enough  to  carry  lines  Nos.  4J, 
5, 6,  7,  8,  and  9  made  by  Silver  Lake  Company,  and  weighing  13,  24,  ,'^3, 
33  to  38,  50.5,  and  55.5  pounds,  respectively,  in  addition  to  carrying  the 
Xo.  4  service  line,  which  is  ttself  larger  than  the  Hunt  line.  The  lines 
in  use  in-  service  at  present  are  Nos.  4,  7,  and  9,  the  two  latter  being 
beyond  both  the  containing  and  carrying  capacity  of  the  light  Hunt 
projectile. 

It  is  evident  from  the  size  of  the  case  of  the  Hunt  projectile  that  it 
could  not  contain  a  sufficient  length  of  even  a  No.  7  line  to  be  of  much 
practical  value,  and  the  project  of  putting  a  No.  9  line,  such  as  has  been 
issued  to  the  service,  in  this  shell  is  simply  impracticable. 

Mr.  Hunt  has  stated  that  he  would  prefer  a  gun  and  projectile  of  4" 
or  4".5  caliber  instead  of  the  smaller  caliber  submitted.  It  sliould  be 
borne  in  mind  that  this  would  increase  the  surface  and  volume  of  the 
projectile  without  increasing  its  weight  in  the  same  proportion. 

There  is  an  instance  on  record  where  an  8-inch  projectile,  constructed 
on  the  same  principle  as  the  Hunt  projectile,  but  intended  to  carry  a 
heavier  (Xo.  7)  line,  has  been  tried  and  proved  a  failure. 
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APPENDIX  26. 

REPORT  ON  SPONGE,  SPONGE   COVER,   AND  CARTRIDGE-BAG  FOR  THE 

LIFE-SAVING  APPARATUS. 

BY  LIEUT.   D.   A.   LYLE,   ORDNANCE  DEPARTMENT. 

(One  plate.) 

Tlie  articles  described  below  complete  the  equipment  of  the  Lyle  life- 
saving  gun.  The  figures  in  the  accompanying  plate  are  working  draw- 
ings^  giving  all  necessary  dimensions. 

SPONGE. 

Plate  Jj  Fig.  2. 

The  sponge-staff  and  rammer  have  been  described*  in  Lieutenant 
Lyle's  report  for  1878,  and  a  drawing  of  the  implement  is  shown  in  Plate 
III,  Fig.  6,  of  that  report,  but  no  reference  was  made  to  the  dimensions 
of  the  material.  The  sponge  is  composed  of  two  pieces,  either  of  sheep- 
skin with  the  wool  on,  or  of  the  usual  sponge-cloth  heretofore  described. 
One  piece  is  circular  to  form  the  head,  the  other  rectangular  to  form  the 
body  of  the  sponge.  The  head  is  sewed  to  the  body  and  then  the  sponge 
placed  on  the  staff,  the  edges  of  the  body  drawn  together,  and  the  whole 
fastened  to  the  staff  by  means  of  long  copper  tacks. 

Dimensions. 

Head:  circular.  Inches. 

Diameter 1.9 

Body:  rectangular. 

Length 5.0 

Width 6.0 

These  pieces  are  cut  out  by  means  of  patterns  of  wood  or  sheet-metal 

SPONGE  OOVEE.' 

Plate  I,  Mgs.  3,  4,  and  5. 

This  cover  is  made  of  white  duck  or  canvas,  and  is  designed  to  pro- 
tect the  sponge  from  sand  and  rain.  Like  the  sponge,  it  is  composed  of 
two  pieces,  one  circular  the  other  rectangular.  The  head  is  sewed  to 
the  end  of  the  body  and  the  longitudinal  edges  sewed  together,  after 
which  the  cover  is  turned  inside  out,  bringing  the  projecting  edges  on 
the  inside.  The  mouth  or  open  end  of  the  canvas  cylinder  has  a  hem 
run  around  it,  through  which  is  passed  a  twine  cord  to  draw  it  together 
and  bind  it  to  the  staff.  A  knot  is  tied  in  each  end  of  tlie  twine  to  pre- 
vent its  being  drawn  through  the  hem.  A  loop  of  bri<ile  leather  is  sewed 
to  the  circular  end  to  facilitate  the  removal  of  the  cover  from  the  sponge. 

*  Vide  Report  on  Life-saving  Ordnance,  1878,  by  Lient.  D.  A.  Lyle,  Ordnance  Depart- 
ment, U.  8.  A.,  page  76;  also  Report  of  Chief  of  Ordnance,  U.  S.  A.,  1878,  page  250; 
and  Report  of  Operations  of  U.  S.  Life-saving  Service,  1878,  page  292. 
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Dimensions. 

Head:  circular.  Inchon. 

Diameter 3.2 

Body:  rectangular. 

Length  .: 10.25 

Width 9.25 

Strap  (for  loop). 

Length Cy.O 

Width 0.75 

SERVICE   CARTRIDGE-BAG   (large). 

riate  I,  Fig.  6. 

This  is  made  of  serge  or  other  woolen  material.  The  diagram  shows 
one  of  the  half-bags.  The  dotted  line  0".5  from  the  edge  indicates  the 
position  of  the  seam. 

Dimensions 

Inches. 

Total  length ^ 8.7 

Total  width 4.5 

Wi^th  between  seams : 3.5 

Distance  from  seam  to  edge 0.5 

Radius  of  semicircular  end I 2.25 

EXPLANATION  OF  PLATE. 

Fig.  1 .  Developed  cylindrical  body  of  sponge. 

Fig.  2.  Circular  end  of  sponge. 

Fig.  3.  Developed  cylindrical  body  of  sponge  cover. 

Fig.  4.  Circular  end  of  sponge  cover. 

Fig.  5.  Development  of  loop  on  end  of  cover. 

Fig.  6.  Half  cartridge-bag  (large,  service). 

National  Armory,  June  2, 1881. 
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APPENDIX  27. 

REPORT  ON  THE  MANUFACTURE  OF  ONE  THOUSAND  SPURS  AND  STRAPS 
OF  THE  PATTERN  DESIGNED  BY  MAJOR  ANSON  MILLS,  TENTH  CAVALRY. 
BY  LIEUT.  L.  L.  BRUFF,  UNDER  THE  DIRECTION  OF  BVT.  LIEUT.  COL. 

D.  W.  FLAGLER,  COMMANDING  THE  ROCK  ISLAND  ARSENAL. 

« 

(Five  plates.) 

Sib  :  In  accordance  with  instrnctions,  I  have  the  honor  to  make  the 
following  report  with  regard  to  the  Mills  spurs  manufactured  at  this 
arsenal: 

DESCRIPTION  OP  THE  SPUR. 

The  finished  spur  is  shown  in  Figs.  21  and  22.  As  will  be  seen  by  a 
reference  to  the  plat-e,  there  are  two  different  modt'ls  of  the  spur,  marked 
"Model  A,  small  size,"  and  "Model  B,  small  size,''  the  difference  beiug 
in  the  shape  and  assembling  of  the  leather  parts,  the  metal  x>art8  being 
the  same  in  both. 

The  spur  shown  in  Fig.  21,  model  A,  small  size,  is  composed  of  a 
heel-strap,  a,  or  "main  leather  band,"  as  it  is  called  by  the  inventor,  to 
which  the  rowel-plate  b  is  riveted,  a  lower  strap,  or  under  strap  c,  pass- 
ing under  the  boot;  and  a  spur-strap,  d. 

These  parts  are  shown  in  Figs.  14, 13,  and  12.  The  metallic  parts  of 
the  spur  are  the  rowel-plate  b  (Fig.  21),  the  yoke  or  frame  e,  the  shoulder 
h  (all  of  brass  in  one  piece),  the  rowel/ of  steel,  the  rowel-pin  of  steel, 
the  buckle  k  of  brass,  eyelet  I,  and  the  brass  rivets  and  burs,  marked  1, 
2,  and  3.  Fig.  22  shows  the  second  model,  marked  model  B,  small  size ;  a 
is  the  heel-strap  and  b  the  spur-strap.  In  this  model  the  under-strap 
and  spur-strap  are  continuous,  passiug  through  slits  in  the  ends  of  the 
heel-strap,  as  represented  in  the  figure.  The  different  leather  parts 
belonging  to' this  model  are  shown  in  detail  in  Figs.  18  and  19. 

In  the  model  A,  small  size,  Fig.  21,  the  buckle  is  fastened  to  the  under- 
strap  by  means  of  a  small  projection  c  (Fig  13),  which  is  twined  over  the 
bar  of  the  buckle  and  riveted,  the  tongue  passing  through  the  slot.  In 
Fig.  22,  model  B,  small  size,  the  buckle  is  fastened  to  the  spur-strap  with 
a  rivet,  as  shown  in  Fig.  19. 

The  buckle  is  shown  in  Figs.  19  and  20.  The  eyelet  I  (Fig.  21)  is  in- 
tended for  the  insertion  of  a  button  attached  to  a  steel  wire  double  loop 
for  strapping  down  the  trowsers.  None  of  these  loops  have  been  made 
here. 

Two  sizes  of  the  leather  parts  for  the  spur  model  A  can  be  made,  the 
larger  size  being  shown  in  Figs.  16, 16,  and  17,  but  they  were  found  to  be 
so  large  and  clumsy  when  completed  that  only  the  small  size  was  made 
at  the  request  of  the  inventor. 

The  size  of  the  leather  parts  for  the  model  B  can  be  varied  by  length- 
ening the  heel-strap  and  spur-strap.  Five  hundred  pairs  of  each  model, 
small  size,  were  made. 
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MANUFACTURE  OF  THE  METAL  PARTS. 

With  the  models  submitted  by  the  inventor  were  drawings  of  a  press 
for  making  the  brass  part  of  the  spur.  The  models  of  spurs  submitted 
were  made  in  two  pieces,  one  being  the  rowel-plate  and  the  other  the 
joke  or  frame  supporting  the  rowel,  which  was  riveted  to  the  rowel- 
plate.  Drawings  were  also  furnished,  showing  the  spur  with  rowel- 
plate  and  yoke  in  a  single  piece,  and  the  inventor  wished  the  spur  made 
by  the  latter  method.  The  press  above  mentioned  was  intended  to 
make  the  spur  in  a  single  piece,  but  owing  to  the  cost  of  making  the 
press  and  the  small  number  of  spurs  ordered  (1,000  pairs),  it  was  deter- 
mined to  change  the  plan  of  manufax^ture,  as  indicated  in  the  drawings 
submitted,  and  to  use  the  machinery  already  in  the  shop,  so  as  to  avoid 
the  extra  cost. 

The  different  steps  in  the  process  of  manufacture  of  the  rowel-plate 
and  yoke  are  shown  in  Figs.  1,  2a,  3,  4a,  5,  6,  and  7. 

The  plate  and  yo'<e  are  first  punched  out  flat,  as  shown  in  Fig.  1,  in 
s,  rotary  press,  from  No.  16  sheet  brass.  .The  middle  slot  and  the  holes 
for  the  rivets  and  rowel-pin  (Fig.  2a)  are  then  punched.  The  branches 
of  the  yoke  are  next  rounded  and  bent  up  (Fig.  3)  by  means  of  a  punch 
and  die  of  proper  shape.  The  branches  are  then  bent  as  in  Fig.  4a, 
Fig.  4b  showing  another  view  of  the  spur  at  the  end  of  this  operation. 
The  shoulder  is  then  formed  (Fig.  5),  and  by  the  next  operation  set 
firmly  down  on  the  rowel-plate  (Fig.  6).  The  holes  a  a  (Fig.  7)  are  then 
drilled,  and  the  finished  rowel-plate  and  yoke  are  as  represented  (Fig.  7). 

The  rowel  plate  and  yoke  are  then  pickled  and  polished.  It  has  been 
found  that  there  is  some  difficulty  in  polishing  the  spurs  after  they  are 
in  this  shape,  and  it  is  recommended  that  in  future  the  polishing  be 
done  while  the  spur  is  as  represented  in  big,  2a. 

The  rowel  is  punched  out  in  blank  from  No.  15  sheet  steel,  as  shown 
in  Fig.  8. 

The  hole  for  the  rivet  is  then  drilled  or  punched,  and  the  rowels  are 
then  strung  on  a  wire  passing  through  the  hole,  placed  in  the  milling 
machine,  and  the  teeth  milled  out,  as  in  Fig.  10.  Fig.  11  shows  the  rivet. 
It  is  made  of  steel  wire  No.  10. 

THE  BUCKLES. 

The  buckles  are  shown  in  Figs.  19  and  20.  They  were  cdst  here,  as 
they  could  not  be  purchased  of  the  proper  shape  and  size. 

The  tongue  is  made  of  brass  wire  No.  13.  The  dimensions  are  shown 
in  the  drawings. 

•     THE  LEATHER  PARTS. 

These  are  shown  in  Figs.  12,  13,  14,  15,  16, 17,  18,  and  19.  Figs.  12, 
13, 14, 15,  16,  and  17  show  the  small  and  large  sizes  of  leather  parts  for 
the  spur  model  A  (Fig.  21),  and  Figs.  18  and  19  the  parts  for  the  spur 
model  B  (Fig  22).  The  large  size  leathers  for  the  latter  model  are  not 
given,  as  none  of  the  spurs  of  that  size  were  made  and  no  model  fur- 
nished. In  Fig.  13  it  will  be  noticed  that  the  under-strap  marked  o 
has  a  projection  &  for  the  buckle  at  one  end,  and  a  cut  or  slot  c"  at  the 
other. 

As  the  projection  is  intended  to  fasten  the  buckle,  it  will  be  on  the 
right  side  in  the  right  spur  and  on  the  left  side  in  the  left  spur. 

The  slot  c"  is  cut  out  to  diminish  the  thickness  of  the  leather  at  the 
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eyelet  (where  the  leathers  are  riveted  together).  The  holes  to  be  punched 
in  the  different  straps,  for  the  rivets,  eyelets,  rowel-plates,  and  buckles, 
are  shown  in  the  drawings. 

The  end  of  the  nnder-strap  at  cf'  is  shaved  down  to  diminish  the  thick- 
ness of  leather. 

ASSEMBLma  THE  PARTS. 

The  rowel  is  riveted  in  the  yoke  with  a  rotary  press.  The  rivet  is 
increased  in  diameter  throughout  its  entire  length  by  this  operation,  and 
the  hole  in  the  rowel  is  made  -^"  larger  than  the  rivet  to  allow  for  this 
increase. 

The  rowel-plate  is  riveted  to  the  heel-strap  by  the  same  press,  as  it 
was  found  impossible  to  do  the  riveting  by  hand  without  the  plate. 
The  leather  parts  are  assembled  after  the  rowel-plate  has  been  riveted. 
In  the  spur  model  A,  the  spur-strap  and  heel-strap  are  placed  together 
and  the  eyelet  inserted;  the  heel-strap  and  under-strap  on  the  other  side 
are  then  assembled  in  the  same  manner;  the  end  of  the  nnder-strap  with 
the  slot  in  it  is  then  inserted  between  the  heel-strap  and  spur-strap,  and 
the  whole  riveted.  The  holes  punched  in  the  straps  serve  as  guides 
for  making  the  others. 

METALLIC  PARTS  FOR  1,000  PAIRS  MILLS'  SPURS. 

PonndB. 

No.  16  sheet  brass,  soft  (rowel-plate  and  yoke) 232 

No.  15  sheet  steel  (rowels) 58 

No.  10  steel  wire  (riyete  for  rowels) 6^ 

No.  13  brass  wire  (buckle  tongaes) 5 

Cast  brass  (for  baokles) .^ 63 

PARTS  FOR  LEATHER  WORK. 

For  500  pairs  spnrs,  model  A,  small  size : 

Collar  leatner,  6  to  7  ounces  per  square  foot 490     square  feet. 

Brass  rivets,  l^'y  No.  12 23     pounds. 

Brass  burs,  No.  12 5^  pounds. 

Eyelets,  J'^ by  J",  tinned 2,000 

Bar  buckles, f',  brass  (like  drawing) 1,000 

For  500  pairs  spurs,  model  B,  small  size : 

Collar  leatner,  6  to  7  ounces  per  square  foot • 290      square  feet. 

Brass  rivets.  I",  No.  12 »..        12      pounds. 

Brass  burs,  Mo.  12 ^ 1      pound. 

Brass  bar  buckles,  f  (like  drawing) 1,000 
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APPENDIX  28. 

REPORTS  ON  EXPERIMENTAL  CARTRIDGES  CONTAINING  70  AND  80  GRAINS 
OF  POWDER  AND  500  GRAINS  OF  LEAD,  MANUFACTURED  AT  FRANKFORD 
ARSENAL. 

(One  plate.) 

National  Armory,  Springfield,  Mass., 

March  11, 1881. 

Sir:  In  accordance  with  your  instructions  to  test  the  experimental 
cartridges — 70  and  80  grains  powder,  500-grain  round  pointed  bullets — 
recently  received  from  Frankford  Arsenal,  I  have  the  honor  to  submit 
the  following  sheets,  showing  accuracy  at  500  and  800  yards.  The 
80-grain  cartridges  were  fired  in  the  six-groove  rifle  (the  long-range 
Springfield),  and  70  grains  in  the  service  rifle. 

Both  kinds  of  cartridges  have  been  fired  with  peep  and  globe,  also 
ordinary  service  sights. 

Sheets  are  also  submitted  showing  the  accuracy  obtained  with  the 
70-grain  cartridge^  as  made  by  hand  at  this  annory.  fired  from  four 
or£naiy  service  nfles,  two  having  a  left-hand  twist,  wnile  endeavoring 
to  detennine  a  drift  curve  for  the  experimental  bullet. 

It  will  be  seen  from  the  former  sheets  that  the  70-grain  cartridge  in 
the  service  rifle  gives  equally  good  results  with  the  80-grain  charge  in 
the  long-range  nfle  provided  with  a  costly  sight,  while  neither  bears 
any  comparison  to  tibose  obtained  with  unselected  service  guns  with 
the  70-grain  cartridge  prepared  at  this  post. 

This  simply  goes  to  confirm  the  statement  made  in  my  report  of  Octo- 
ber 25, 1880,  that  ^improvement  in  accuracy  is  to  be  sought  for  in  the 
cartridge  and  not  in  the  gun."  It  is  unknown  what  powder  was  used 
in  the  Frankford  cartridges,  but  the  Springfield  were  loaded  with  Du- 
pont  received  from  Frankford  Arsenal. 

Very  respectfully,  your  obedient  servant, 

JOHN  E.  GEEER, 
Captain  of  Ordna/nee, 

To  the  GoMMANDiNa  Officer  National  Armory. 
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500  yards  range, — March  5,  1881 — Continued. 
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800  yards  range.— March  8,  1881. 
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200  yards  range.—February  26,  1881. 
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400  yards  range, — February  26, 1881. 
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800  yards  range, — February  16, 1881. 
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*  Beat  800  yards  target  on  record  at  thia  armory. 
1,000  yards  range,— February  16,  1881. 


Service . . . 
Hotchkiaa 

Do... 
Service... 

Do.... 
Hotchkiu 


Right 

70 

Right. 
Left.. 

70 

70 

Right. 

70 

Left  .. 

70 

T^ft.. 

70 

Dnpont . . . 

I  •  •  «  C&w    •  ■  •  •  « 

do 

...do 

do 

....do 


500 
500 
500 
500 
500 
600 

.4555 
.45.S5 
.4566 
.4565 
.4555 
.4555 

Springfield  ... 
...  do 

1 
2 
8 
4 

5 
6 

Mean. 

16wl 
11.2 

10.0 
17.2 

do 

....do 

....do 

a  5 

14.0 
1L6 

n.3 

10.2 
18.6 

....  do  . ........ 

12.0 
12.06 

22.3 
17.0 

24.2 
20.6 
14.1 
2a8 
2L0 
26.8 

2L6 
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National  Abmobt,  SPBmapiELD.  Mass., 

Mdreh  12, 1881. 

Eeapectfully  forwarded  to  the  Chief  of  Ordnance,  U.  8.  A. 

I  inclose  herewith  Captain  Greer's  report  of  a  trial  at  this  armory 
with  the  new  80-grain  powder  and  600-grain  bnllet  cartridge  made  at 
the  Frankford  Arsenal  for  use  in  the  150  long-range  Springfield  rifles 
now  being  made  at  this  armory  for  issue  to  the  marksmen  of  the  Army. 

The  Shai-ps'  peep-sight  used  in  the  trial  was  one  of  the  25  lately  pur- 
chased from  the  Sharps'  Company,  and  described  on  pages  174  and  175 
of  ^'Laidletfs  Rifle  Practice.^ 

The  "Bull-sight"  is  one  that  is  being  prepared  in  connection  with  the 
trial  now  being  made  to  get  up  a  marksman  rifle  agreeably  to  the  in- 
structions contained  in  Ordnance  Office  indorsement  of  February  11, 
1881. 

The  superiority  of  fire  shown  for  the  cartridges  made  by  hand  at  this 
place  comes,  it  is  thought,  from  the  bullet  being  slightly  larger  and 
more  cylindrical  in  front  of  the  crimp,  giving  it  a  more  central  and 
closer  fit  in  the  bore  at  the  start,  and  it  is  probably  for  this  reason  that 
this  bullet  was  preferred  at  Creedmoor  last  fall.. 

I  have  reason  to  think  that  this  close  fitting  of  the  bullet  may  make 
it  sometimes  difficult  to  push  the  cartridge  home  when  the  bore  is 
fouled,  especially  in  cold  weather. 

Although  not  so  accurate  in  fire  as  desired  by  army  marksmen,  I  am 
of  opinion  that  as  the  Frankford-made  cartridge  avoids  this  difficulty  it 
should  be  preferred  for  issue  with  the  long-range  rifies  now  being  made 
here.    It  is  serviceable  in  every  respect. 

1  J.  G.  BElfTTON, 

Colonel  of  Ordnance^  Commanding. 

Frankford  Arsenal,  Pa.,  April  29, 1881. 

Eespectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 
Attention  is  invited  to  the  accompanying  four  diagrams  of  targets 
made  to- day  at  500  yards  from  a  fixed  rest,  with  some  of  these  car- 
tridges taken  from  the  daily  product  indiscriminately.  A  fit«h  breeze 
was  blowing  toward  the  targets  in  the  direction  of  the  line  of  fire. 
They  are  the  best  targets  on  record  here  with  this  ammunition. 

S.  C.  LTFOED, 
Major  of  Ordnance^  Commanding, 


National  Armory,  Springfield,  Mass., 

April  5, 1881. 

Sir:  In  compliance  with  your  instructions  to  test  the  cartridges 
lately  received  from  Frankford  Arsenal,  loaded  with  both  70  and  80 
grains  powder,  the  former  being  hardened  with  tin  in  the  proportion  of 
-^  and  -j^,  and  having  also  flat  and  round  points,  I  have  the  honor  to 
submit  the  following  report : 

As  it  was  understood  that  this  was  a  reopening  of  the  questions  con- 
sidered in  my  report  of  June  22, 1880, 1  have  compiled  from  that  report 
all  relating  to  the  Frankford  bullet  (500  grains,  round  point)  showing 
the  accuracy  of  that  bullet  when  hardened  by  -^  and  -^  tin.  A  sum- 
mary will  be  found  of  what  is  given,  all  powders  being  classed  an  one,, 
from  which  it  will  be  seen  the  -jV  bullet  proved  the  more  satisfactory 
although  the  difterence  was  but  slight. 
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The  results  obtained  at  the  varions  ranges  with  the  Springfield  hand- 
made bullet  of  ^  and  ^  tin  are  also  shown,  which  are  in  accordance 
with  what  has  been  said  of  the  Frankford  ballet;  and  results  of  trials 
with  flat-pointed  ballets  with  various  proportions  of  tin.  By  a  compar- 
ison of  these  results  with  the  former  it  will  be  seen  that  the  round- 
pointed  bullet,  hardened  by  ^  tin,  gave  better  accuracy  than  any  other 
tried.  It  was  therefore  recommended  for  trial  in  the  field.  I  now 
have  to  submit  the  results  obtained  with  the  cartridges  which  were  the 
special  subject  of  trial.  It  is  necessary,  however,  to  remark  tiliat  a 
variety  of  guns  of  different  weights  of  barrel,  styles  of  rifling,  &c.,  were 
undergoing  trial  at  the  same  time,  so  that  for  the  purpose  of  comparing 
the  cartridges  the  guns  must  be  classed  as  one.  Summaries  of  these 
results  at  500  and  800  yards  are  given,  and  the  corresponding  daily 
record.  , 

From  these  summaries  it  will  be  seen  that  with  the  service  rifle  with 
peep  and  globe  sights,  at  500  yards,  there  was  practically  no  difference 
in  sdl  the  cartridges,  the  flat  ^  and  round  -^  having  exactly  the  same 
average — the  flat  ^  0".4  greater  and  round  -^  (y'A  less ;  while  with  the 
service  rifle  with  service  sights  the  order  was:  flat  -^,  flat  ^,  round 
yVy  £Uid  round  iVy  ^^^  difference  being  trifling.  An  examination,  how- 
ever, of  the  daily  record  shows  that  four  of  the  targets  with  the  latter 
bullet  were  made  late  in  the  day,  when  it  was  quite  dark,  and  when  the 
marksmen  were  wearied  with  a  whole  day's  firing,  so  that  these  targets 
are  not  quite  up  to  the  standard  of  those  made  earlier. 

The  average  of  all  targets  with  both  guns  is  the  same  for  the  flat 
^\  and  ^  and  round  ^,  the  round  -^  being  about  0^^8  greater. 

The  800  yards  summary  shows  comparative  performance  of  the  80  and 
70  grains  cartridges  in  long-chambered  guns,  and  the  various  70-grain 
cartridges  in  the  service  guns.  From  this  summary  it  appears  that  80 
and  70  grains  give  equally  good  results  in  the  long-chambered  as  do  flat 
and  round  points  iV  ^^^  iV  ^^^  '^^  grains  in  the  service  guns.  From  this 
it  appears  that  no  change  is  necessary  in  the  form  or  composition  of  the 
bullet  now  being  prepared  for  trial  in  the  field. 

The  Frankford  bullet  of  last  year  was  a  very  different  one  from  that 
now  being  made,  in  diameter,  length  of  cylindrical  part,  &;c. 

No  leading  occurred  with  the  Springfield  bullet,  the  diameter  of 
which  was  two  and  a  half  thousandths  less  than  the  Frankford,  and 
which  was  Vr  ti^*  ^^  whole  matter  of  leading  is  simply  a  bugbear 
which  need  trouble  no  one,  and  which  does  not  affect  shooting  unless 
abnormal,  a  condition  which  never  obtains  with  a  reasonably  good  lubri- 
cant. The  fact  that  the  70-grain  cartridge  may  be  used  in  the  long- 
range  guns  with  good  results  is  important,  and  shotQd  go  £Eir  to  satisfy 
those  marksmen  who  desire  to  change  the  powder-charge  for  every 
range. 

Very  respectfully,  your  obedient  servant,    . 

JOHN  E.  GEEER, 
Captain  of  Ordnance^  U.  8.  A. 

To  the  OoMMANBiNa  Officer  National  Armory. 
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[From  report  of  Jane  32,  1880.] 
Summary  of  result  of  firing  at  1,000  yards. 


Bifle. 


Service 

IS-inob  twist ;  8  grooves 
Service;  Rng  chamber . 


BuUet. 


1 

i 

I 

t 

Qrn. 

600 

.468 

MH) 

.468 

600 

.468 

Fraakford.        v 


Sonnd  point 

....do 

....do  ....... 


0 

Q 

1 

1 

o 

fl 

6 

8 

)^ 

^ 

<  81 

80 

29.8 

29.1 

5  4 

28.2 

:    a 

29.4 

C  80 

27.9 

{  16 

28.9 

Bemarks. 


Bullet  A  tin. 
Bullet  }v  tin. 
Bullet  X  tin. 
Bullet  X  tin. 
Bullet  t%  tin. 
Ballet  if  tin. 


800  yards. 


Service ;  long  chamber . 


80 


600 


.458 


Bound  point . 


16 
4 


19.8 
16.8 


Ballet  ^  tin. 
Ballet  if  Un. 


500  yards. 


Service. 


Service;  long  chamber 

18*inch  twist;  6  grooves,  long  chamber. 


70 

600 

.468 

80 

600 

.468 

80 

600 

.468 

Round  point . 
....do  ........ 


C  83 

10.4 

:  12 

10.2 

:  88 

ILO 

:  14 

10.8 

2 

12.1 

BnUet^tin. 
Bullet  A  tin . 
Bullet  it  tin. 
Bullet  if  tin. 
BuUet  it  tin. 


300  yards. 


Service 

Service;  long  chamber, 


70 
80 


600 

600 


463 
458 


Bound  point 
...do 


7 
8 

19 

4 


4.9 
6.1 
6.8 
5.4 


Bullet  it  tin. 
Bullet  iV  tin. 
Bullet  it  tin. 
Bullet  iV  tin. 


1,000  yards. 


Bifle. 


Service  rifle. 

Do 

I>o 

Do 

18-fnch  twist, 
8  grooves. 

Do 

Do 

Service  rifle, 
long  cham- 
ber. 

Do 

Do 

Do 

Do 

Do 


Powder. 


4i 


Qraim. 

70 

70 
70 
70 
70 

70 
70 
80 


80 
80 
80 
75 
80 


Kind. 


Bullet. 


Hazard,  F.G 

....do  ....... 

Oriental 

...do 

HasardfF.G 

do 

Dupont 

Hazard,  F.G 

do 

Oriental .... 
do 

Dupont 

....do  ....... 


1 

1 

I 

^ 
V 

Chraim. 

600 

.468 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.4.58 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.468 

Hind. 


Frankford,    ronnd 
point. 

. ...do 

....do  .............. 

do 

. . . . do 

....do 

— do 

....  do 

....do  .............. 

....do 

— do 

....do 

....do 


St 

I 


e 


19 

18 

12 

12 

2 

2 

2 

16 


7 

10 

9 

6 

4 


g 

> 


^ 


29.1 

80.6 
20.6 
26.9 
26.0 

20.4 
80.8 
26.5 


82.1 
80.6 
26.6 
25.2 
27.1 


Eemarks. 


BuUet  A  tin. 

Bullet  if  tin. 
Bullet  tC  tin. 
BuUet  X  tin. 
BuUet  ji  tin. 

BuUet  if  tin. 
BuUet  t(  tin. 
do. 


Bullet  ir  tin. 
Bullet  it  tin. 
BuUet  if  tin. 
BuUet  it  tin. 
do. 
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800  jfard$. 


SUA. 


Service  rifle, 
long  cham- 
ber. 

Do 

Do 

Do 


Powder. 


4i 

ft 


Oraint, 

76 


80 
80 
80 


Kind. 


Daponi 


..  do 

HAMud^F.O. 
....do 


Bullet. 


.a 


Qrairu. 
600 


600 
600 
600 


I 


458 


.458 

.468 
.468 


SpringfleLd. 


Frankford,    round 
point. 

....do  ............... 

....do 

...  do 


ti 

i 

1 

& 

M 

i 

> 

s 

O 

2 

• 

o 

s 

^ 

s 

14 

17.0 

10 

20.5 

6  '  17.4 

4 

18.8 

BoUet^tfaL 

do. 
do. 
Bullet^  tin. 


500  yards. 


600 

.468 

600 

.458 

500 

.458 

600 

.458 

600 

.458 

600 

.458 

500 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

Frankford,    round 
point. 

...  do 

...do 

....  do 

....do 

....do 

....do  .............. 

....do 

....do 

do 

....do  — 

....do 


8 

10.2 

8 

9.6 

4 

12.8 

8 

0.1 

4 

11.8 

0 

12.2 

6 

10.4 

12 

10.1 

9 

ILO 

12 

ILO 

18 

10.5 

2 

12.1 

Bonet^tin. 

Ballet  A  tin. 
Ballot  A  tin. 

do. 
Ballet  ^  tin. 
Ballot  ^  tin. 


Ballet  A  tin. 
Bullet }.  tin. 
Ballet  iV  tin. 
Bullet  tI^  tin. 

do. 

do. 


300  yards. 


HasardfF.G 

....do  .....•• 

Oriental  .... 

, ...do  ....... 

HaEard,F.O 

do 

Oriental  .... 

. . .  .do 

Dnpont 

do 


600 

.458 

600 

.458 

600 

.458 

600 

.458 

600 

.458 

400 

.458 

600 

.468 

600 

.458 

500 

.458 

600 

.468 

Frankford,    round 
point 

....do 

do 

....do 

do 

....do 

do 

do 

....d6 

....do  .............. 


4 

4.0 

4 

6wl 

8 

&1 

4 

6.1 

7 

5.5 

3 

4.7 

8 

8.1 

1 

7.6 

9 

5.9 

8 

4.8 

Bullet  A  tin. 

Bullet  iV  tin. 
Bullet  A  tin. 
Bullet  tV  tin. 
Ballet  ^  tin. 


Bullet  it  tin. 
Bullet  ji  tin. 
BuUet  if  tin, 
Bullet  i^  tin. 
do. 


1,000  yards. 


Service  rifle.. 
Do 

70 
70 

18-inch  twist; 

70 

8  {{roovee. 
Service  rifle ; 
long  cham- 
ber. 

Do 

80 
80 

Haaaid,  F.  6 
....do  ........ 

....do  ... .... 

....do 

do 


600 
600 

.4665 

.4555 

600 

.4566 

600 

.4655 

600 

.4555 

Bound  i>oint 
do 

. ...do  . ■••••■ 

....do  ....... 

— do 


19 
43 

27.4 
24.9 

2 

26.0 

21 

21.6 

18 

24.2 

Bullet  j\  tin. 
Bullet  ^  tin. 

Bullet  A  tin. 

Bullet^  tin. 

Bullet^  tin. 
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800  yards. 


Bifle. 


Service  rifle.. 

Service  rifle ; 
long  cham- 
ber. 

Do 

18-inch  twist; 
6  grooves, 
long  cham- 
ber. 


Powder. 


I 


Qraint, 
70 
80 


80 
80 


Kind. 


Hasaid,F.G' 
— do 

....do 

do 


Qrain: 
600 
500 


600 
500 


Ballet. 


I 


.4665 
.4555 


.4555 
.4555 


Springfield. 


Bound  point 
do 

do 

.-...do  ....... 


e 


3 
8 


4 

10 


4 

I 
I 


14.9 
16.3 


ia2 

15.2 


Bemarks. 


Bnllet^tin. 
do. 


Ballet  ^  tin. 
Bullet  ^  tin. 


500  yard». 


Service  rifle.. 

70 

Do 

70 

18-inch  twist; 

70 

3  grooves. 

18-inch  twist; 

80 

6    grooves, 

long  cham- 

ber. 

Service  rifle; 

80 

long  cham- 

ber. 

Do 

80 

Hazard,  F.  Qt 

....do 

....do ....... 

do 

...  do 

do 

Hazard,  F.  G 
....do 

....do 


600 
500 
600 

.4555 
.4555 
.4555 

600 

.4555 

500 

.4555 

500 

.4565 

Bound  point 

do 

....do  ....... 


..do 


...do 


. . .  .do 


39 

23 

2 

9.6 

10.5 

9.5 

10 

8.0 

65 

&1 

82 

&5 

Ballet  ^  tin. 
Ballet  \  tin. 
Ballet  ^  tin. 

do. 


do. 


Ballet  it  tin. 


300  yards. 


Service  rifle.. 

70 

Service  rifle; 

80 

long  cham- 

ber. 

18-inoh  twist; 

80 

6    grooves, 

long  cham- 

ber. 

500 

.4556 

600 

.4565 

600 

.4555 

Bonnd  point 
....do  ....... 


. . .  .do 


Ballet  tV  tin. 
do.    . 


do. 


1,000  yards. 


Service  xifle.. 

Do 

Do 

70 
70 
70 

18-inch  twist; 

70 

3  grooves. 

Do 

Do 

70 
70 

18-inch  twist; 

70 

6  grooves. 

Do 

Do 

70 
70 

Hazard,  F.  Qt 

do 

do 

....do 

....do ....... 

....do  ....... 

...  do 

....do  ....... 

....do 


500 
600 
600 

.452 
.456 
.456 

600 

.462 

600 
500 

.456 
.456 

600 

.458 

500 
500 

.456 
.456 

Flat  point,  No.  1 . . 
Flat  point,  No.  2... 
Flat  oase,  flat  point, 

No.  2. 
Flat  point,  No.  1.. 

Flat  point.  No.  2 

Flat  base,  flat  point, 

No.  2. 
Flat  point,  No.  1.. 

Flat  point,  No.  2.. 
Flat  base,  flat  point, 
No.  2. 


Ballet  ^  tin. 

do. 
Bnllet  A  tin. 

Ballet  A  tin. 

do. 
Ballet  A  tin. 

Ballet  A  tin. 

do. 
Ballet  A  tin. 


500  yards. 


Service  rifle.. 

18-inoh  twist; 

3  grooves. 
18-inch  twist; 

6  grooves. 


70 
70 
70 


Hazard,  F.G.. 

...do 

....do  ......... 


500 
600 
600 


.46 
.46 
.45 


Flat  base,  flat  point, 

No.  1. 
....do 


...do 


1 
1 
2 


13.5 
10.8 
17.6 


Ballet  it  tin. 
do. 
do. 
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200  yards. 


lUfle. 


Service  rifle. . 

Do 

Do 

Do 

18  inch  twist; 
SgroovbB. 

Do 

Do 

18-incIi  twist; 
Sffrooves. 
Do 


Powder. 


t 

•3 


Qraiifu. 
70 

70 
70 

70 
70 

70 
70 

70 

70 


Kind. 


Hazard,  F.G 

....do  ....... 

....do ....... 

....do ....... 

do 

....do  ....... 

....do ... .... 

...;do  . ....... 

....do  ........ 


I 

1 

1 

vhrtnnMt 

iOO 

.466 

500 

.466 

600 

.45 

600 

.45 

500 

.45 

500 

.45 

600 

.456 

600 

.45 

500 

.466 

Bullet. 


Springfleld. 


Flat  base,  flat  point» 

Ko.2. 

do 

Flat  baae,  flat  pointy 

Ko.  1. 
....do  ............... 

do 

....do 

Flat  base,  flat  poinl 

No.  2. 
Flat  base,  flat  points 

No.  1. 
Flat  base,  flat  point, 

No.  2. 


I 


I 


1 
1 

1 
1 

1 
1 

1 

1 


I 

9 

i 


5.B 

5.2 
14.2 

24.0 
5.8 

6.2 

&6 

14.0 
4.2 


Renuurks. 


Ballet  if^  tin. 

BnUet  1^  tin. 
Ballet  A  tin. 

Ballet  il^  tin. 
Ballet  A  tin. 

Ballet^  tin. 
do. 

Ballet  A  tin. 

Ballet^  tin. 
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APPENDIX  29. 

A  REPORT  ON  PRISM  RANGE-FINDERS. 

BT  LIEUT.  A.   H.    RU8SBLL,   UNDBR   THK  DIRBCTION  OF    COL.    T.   T.  B.^LAU>LBY|  ORI>* 

NAKCS  DKPARTMKNT. 

(One  plate.) 

Sib  :  I  have  the  honor  to  make  the  following  report  on  the  prism 
range-finders  submitted  to  me  by  the  Chief  of  Ordnance  in  the  fourth 
indorsement,  April  11, 1881,  on  my  letter  of  December  14, 1880. 

The  three  prisms  are  herewith  returned,  viz: 

1.  The  original  Weldon  range-finder  from  London. 

2.  The  modified  Weldon  range-finder  described  in  Ordnance  Notes  134. 

3.  The  six-sided  prism  proposed  in  the  above  letter. 

The  first  was  found  to  be  valueless,  as  it  does  not  give  constant  angles. 

The  second  operated  as  described  in  Ordnance  Notes  134,  and  it  was 
found  to  be  subject  to  the  same  inconveniences  as  were  there  mentioned — 
the  necessity  for  taking  a  back  sight  in  observation,  and  its  limitations 
in  a  single  base. 

The  third,  or  six-sided  prism,  has  been  modified  as  follows:  The  top 
and  bottom  surfaces  have  been  ground,  and  the  bevel  on  the  edges  has 
been  thereby  almost  removed,  so  a«  to  offer  but  slight  interference  with 
vision*  The  cover  has  been  removed,  as  it  obstructed  the  light,  and  the 
reflected  image  can  now  be  brought  into  close  contact  with  the  object 
seen  by  direct  vision.  In  addition  to  this  the  apertures  have  been  en- 
larged so  that  observations  can  be  made  at  all  the  angles  without  invert- 
ing the  instrument.  Small  clamps  projecting  from  the  sides  hold  the 
glass  in  place  without  interfering  with  the  observation.  A  ring  has  been 
added  for  suspending  it  to  the  neck  if  desired,  and  a  small  leather  pouch 
is  provided  for  convenience  in  cari-ying. 

Fig.  1  shows  the  instrument  in  perspective.  A  is  the  prism,  B  the 
frame ;  a,  &,  o,  dj  and  e  are  the  apertures  for  observation ',  L  /,  2,  the  clamps 
which  retain  the  prism  in  place;  and  m  is  the  ring  to  which  the  string 
may  be  attached.  Kear  each  aperture  is  shown  an  arrow-mark  to  indi- 
cate approximately  the  direction  in  which  the  observer  should  look  into 
the  prism.  The  aperture  at  a  has  two  of  these  marks,  the  right-hand  one 
for  use  in  connection  with  the  aperture  b  and  the  left-hand  one  with  the 
aperture  e.  The  aperture  e  is  used  in  connection  with  (2,  b  with  a,  and 
c  also  with  a.  A  square,  marked  on  the  suiface  between  the  apertures 
d  and  e,  indicates  that  they  correspond  to  a  right  angle,  and  the  acute- 
angle  mark  between  the  apertures  o  and  a  indicates  their  use  together 
for  laying  off  an  acute  angle.  The  apertures  a  and  b  are  used  together 
for  laying  off  an  obtuse  angle.  No  handle  is  provided,  but  the  instrument 
is  to  be  grasped  by  the  sides  between  the  thumb  and  forefinger,  usually 
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of  the  hand  opposite  the  object  seen  by  reflection.  The  tip  of  the  finger 
should  usually  cover  the  aperture  opposite  to  the  one  into  which  the 
observer  is  looking,  in  order  to  cut  off  colored  rays  which  might  inter- 
fere with  clear  vision.  For  instance,  while  looking  through  a  and  ob- 
taining *the  reflection  through  &,  the  observer  should  cover  e;  and  while 
obtaining  the  reflection  through  c  he  should  covert;  while  looking  into  d 
he  should  cover  a,  &c.  The  proper  image  to  be  selected  is  easily  found, 
as  it  remains  steady,  while  other  images  which  may  be  seen  move  very 
quickly  when  the  prism  is  turned  horizontally.  The  principles  of  reflec- 
tion are  the  same  as  for  the  Weldon  prism. 

The  following  description  of  the  prism  is,  for  convenience  of  reference, 
taken  from  a  former  letter :  "  Fig.  2  is  a  horizontal  section  of  the  prism. 
The  faces  A  B  and  E  D  are  parallel.  The  angle  A  is  equal  to  the  acute 
angle  desired.  B  0  makes  with  E  D  half  the  angle  A,  and  G  D  makes 
with  A  B  half  the  supplement  of  A.  The  angle  G  is  90c>,  and  E  F  makes 
with  A  B  an  angle  of  45°.  Light  following  the  course  from  I  to  J  gives 
a  deviation  equal  to  A ;  that  following  the  course  from  I'  to  J',  a  devia- 
tion equal  to  the  supplement  of  A ;  and  that  from  V  to  J",  a  deviation  of 
90^.  The  parts  shown  in  heavy  lines  are  silvered,  and  all  the  portions 
bounded  by  double  lines  are  covered  by  the  frame." 


"  In  obtaining  the  distance  of  the  object  G  (Fig.  3),  an  observer  at  A 
lays  off  the  angle  G  A  E,  obtaining  the  reflection  of  the  object  G  with 
the  acute  angle  of  the  prism,  and  at  the  same  time  looking  over  the  prism 
in  the  direction  of  the  base  A  E ;  then  advancing  along  the  line  A  E  (with- 
out turning  round)  and  using  the  obtuse  angle,  he  stops  when  he  reaches 
a  point,  B,  where  he  sees  the  reflection  of  the  object  C  in  the  direction  of 
E."  If  the  right  angle  be  used  the  observer  makes  his  first  station  at  D 
and  his  second  at  A  or  B,  as  he  can  use  either  the  acuteor  theobtuse  angle 
in  connection  with  the  right  angle.  It  is  perhaps  better  to  make  the 
forward  station  first,  as  the  observer  can  probably  keep  his  alignment 
more  readily  by  moving  backward  and  so  increasing  his  distance  from, 
the  point  sighted  on.  Where  the  whole  base  A  B  is  used,  multiplying 
it  by  20  gives  the  distance^  where  half  this  base  is  used  it  should  be 
multiplied  by  40. 

Garefnl  measurements,  with  corrections  for  errors  of  observation,  give 
the  following  values  for  the  angles  of  the  prism: 


Angles  reqaired. 

Angles  obtained  by 
measurement. 

A,  88°    34'    3" 

B,  1350    42'    58".  5 
C      90*^ 

d'  134°    17'      1".5 

E,  1350 

F,  136°    25'    57" 

88^    34'      5" 
1350    43'    50" 

89°    59'    20" 
1340     17'    20" 
135<5      &    20" 
136°    25'      5" 

Notwithstanding  these  errors  in  the  angles  the  results  shown  in  the 
table  were  obtained  by  observations  at  Fort  Monroe  and  Sandy  Hook,  in 
some  cases  the  multiplier  20  being  used  and  in  others  the  multiplier  40, 
the  latter  case  being  of  course  more  liable  to  error  on  account  of  the  use 
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of  a  shorter  base.    The  instrument  can  be  used  like  the  Weldon  range- 
finder,  by  observing  only  with  the  acute  angle,  if  desired. 


DlBtanoe. 

Error. 

Multiplier. 

Yards. 

Yards, 

686 

+      7 

20 

752 

—      5 

« 

635.5 

4-      8.5 

(( 

686 

-f    13 

40 

1,075 

—    50 

(( 

•1,822 

-  164 

ti 

1,822 

-    98 

« 

•1,933 

-  147 

ti 

1,933 

h    27 

li 

2, 918 

—    98 

it 

The  greatest  base  used  in  these  measurements  was  73  yards,  and  usu- 
ally it  was  not  over  40  yards,  while  in  the  trials  of  the  Watkin  range- 
finder  described  in  Ordnance  Notes  116,  the  shortest  base  was  63  yards, 
and  most  of  the  bases  exceeded  100  yards,  the  greatest  being  128  yards. 
The  longer  the  base  used  the  greater  the  difficulty  in  finding  the  proper 
ground  for  observation. 

As  indicated  in  my  letter  of  March  15,  three  triangular  prisms  might 
be  substituted  for  the  one  six-sided  prism,  and  with  this  arrangement  the 
method  of  observation  might  be  learned  rather  more  readily,  as  there 
would  be  no  need  of  covering  up  the  apertures,  while  the  field  of  view 
would  be  somewhat  enlarged.  Fig.  4  shows  such  an  arrangement: 
A,  B,  and  G  are  triangular  prisms  made  on  the  Weldon  principle — A 
for  a  right  angle,  B  and  0  for  acute  and  obtuse  supplementary  angles 
respectively.  The  frame  D  supports  the  three  prisms.  It  is  doubtful, 
however,  if  any  real  advantage  would  here  obtain  over  the  six-sidea 
single-prism  form. 

Of  the  mirror  telemeters  giving  fixed  angles,  that;  of  Az^mar,  described 
in  the  report  on  telemeters  submitted  by  me  to  the  Ordnance  Ofiice  in 
January  last,  seems  to  be  the  simplest.  This  was  made  to  give  two 
angles,  one  acute  and  the  other  obtuse,  supplements  of  each  other.  It 
is  shown  in  Figure  5  with  the  addition,  suggested  in  the  above-men- 
tioned report,  of  an  additional  fixed  mirror  for  giving  a  right  angle.  If 
only  two  angles  are  used,  an  acute  combined  with  a  right  angle  would 
be  better  than  the  two  supplementary  angles,  as  the  advantage  of  having 
a  right  angle  would  be  secured  without  necessitating  back  sights  in  ob- 
servation. 

The  modified  Az^mar  telemeter  consists  of  a  small  firame,  L  M  K.  on 
which  are  placed  four  plane  mirrors  reaching  from  the  top  to  the  Dot- 
tom  of  the  frame;  this  frame  swinging  between  two  plates  of  brass, 
G  K^  it  being  pushed  out  and  in  by  turning  it  about  the  pivot  P.  The 
mirrors  L,  Q,  and  M  make  with  the  mirror  ^  angles  less  than,  equal  to, 
and  greater  than  90^  respectively — the  greatest  and  least  angles  being 
complements  of  each  other.  Such  a  telemeter  commends  itself  by  its 
cheapness,  but  a  prism  telemeter  gives  far  greater  clearness  to  the 
image,  while,  unlike  the  mirror  telemeter,  it  is  not  subject  to  derange- 
ment. 

*The  first  observations  at.  the  distances  of  1,822  and  1,9:)3  yards  were  made  under 
inconvenient  circumstances,  when  the  sight  was  uncertain.  The  repetitions  were 
more  accurate. 
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The  above  experiments  justify  the  recommendation  in  Ordnance  Notes 
134  of  an  arrangement  for  reflectinp:  right  angles  in  connection  with 
another  fixed  angle  like  that  in  the  Weldon  instmment,  and  show  also 
the  advantage  of  having  an  additional  angle  supplementary  to  the  acute 
angle.  It  will  be  useful  for  other  than  telemetric  purposes  for  the  offi- 
cer to  have  the  means  of  measuring  a  right  angle,  since  it  will  be  con- 
venient  for  setting  out  perpendiculars,  and  will  enable  him  to  align 
himself  between  two  points  without  depending  on  an  assistant.  In  the 
use  of  the  above  telemeters  an  assistant  is  undoubtedly  useful,  but 
these  iustrumeuts.  which  do  not  require  back  sights  to  be  taken,  are  not 
so  dependent  as  tne  others  on  such  assistance. 

It  is  proper  to  refer  here  to  a  paper  by  Col.  A.  W.  Drayson,  B.  A.,  F. 
E.  A.  8«  printed  in  the  proceedings  of  the  R.  A.  Institute  for  January, 
1881.    He  says: 

HaviDg  had  an  inBtrument  constnioted  fifteen  years  ago,  by  Messrs.  Tronghton  & 
Simms,  identical  with  that  which  Major  Weldon  has  lately  invented,  and  havinjz 
given  both  the  instrument  and  the  method  a  very  extensive  trial  at  Wojlwich  and 
Shoebnryness  before  committees,  and  at  Aldershot,  I  consider  it  may  be  of  some 
interest  if  I  give  the  results  of  my  experience  connected  therewith. 

Finding  that  persons  unused  to  instruments  had  some  difficulty  in  setting  the  index 
of  a  sextant  to  any  given  angle — such  as  84°  17',  87°  8',  or  88°  34' — I  consulted  with 
Mr.  Simms,  of  the  firm  of  Tronghton  &  Simms,  as  regards  constnioting  a  small 
iuKtrnment  like  an  optical  square,  which  should  by  reflection  show  these  angles  only. 
These  opticians  turned  me  out  four  instruments ;  one  an  optical  square  set  to  show  90° 
only,  another  to  show  88°  34',   a  third  87°  8',  and  a  fourth  84°  17'. 

After  a  long  series  of  trials  I  selected  the  optical  square  and  the  instrnment  show- 
ing^ 87°  8',  and  I  used  these  in  the  following  manner: 

The  optical  square  was  used  to  set  off  the  right  angle  between  the  distant  object 
and  the  second  observer.  The  instrument  showing  87°  8'  was  used  to  place  the  second 
observer  so  that  the  distant  object  coincided  in  the  object-glass  of  the  instrument  with 
the  observer  using  the  optical  square.  The  range  of  the  distant  object  was  then  ^ 
times  the  base. 

The  base  may  be  placed  if  great  accuracy  is  not  required,  but  it  ought  to  be  meas- 
ured. 

For  measuring  I  used  a  stout  tape  on  a  large  roller,  and  when  gunners  or  private 
soldiers  used  this  an  error  in  multiplying  sometimes  occurred.  For  example,  suppose 
the  base  was  69  yards,  I  have  been  given  the  range  as  1,280  yards  instead  of  1,380. 
To  avoid  this  source  of  error  I  requested  Messrs.  Elliot,  opticians,  to  construct  for  me 
stout  tape,  on  which  half  yards  were  shown  and  numbered,  so  that  a  base  69  yards 
long  would  be  shown  on  the  tape  and  read  as  138  diviitians.  No  multiplication  was 
then  necessary,  as  the  range  was  read  off  by  annexing  0,  and  was  given  as  1,380  yards. 

The  iirst  practical  difficulty  I  encountered  with  this  method  was,  that  if  the  range 
should  be  as  much  as  4,000  yards  the  base  must  be  200  yards  long,  and  to  find  a  posi- 
tion for  a  base  of  such  length  was  often  impossible  in  inclosed  country :  or,  if  the  base 
could  be  obtained,  the  distant  object,  the  range  of  which  was  required,  could  not  be 
seen  from  both  ends  of  the  base. 

In  order  to  have  a  choice  of  positions  I  usually  carried  the  instrument  showing 
88°  34',  and  when  a  base  of  200  yards  for  a  4,000-yard  range  was  not  obtainable  I  used 
a  base  of  half  the  length  and  the  angle  88°  34',  when  the  range  =  base  X  40. 

Owing  to  obstacles,  the  nature  of  the  ground,  &c.,  I  found  that  a  fixed  base  of 
iVi  ViT}  or  ^  the  range  was  most  inconvenient  in  roueh  country,  and  so  I  gave  up  this 
method  in  favor  of  that  requiring  a  variable  an^le  and  any  convenient  base,  the 
optical  square  being  used  as  before  to  set  off  the  right  angle,  and  the  pocket  sextant 
being  used  t>o  measure  the  acute  angle — a  table  being  used  to  read  off  the  range. 

After  many  years'  practice  in  all  countries  I  have  found  this  method  the  l^t  and 
most  convenient.  The  errors,  with  competent  observers,  vary  from  1  to  3  per  cent., 
and  the  time  occupied  varies  from  1  to  3  minutes. 

Captain  Everett,  Thirty-third  Regiment,  who  was  my  assistant  at  the  Royal  Mili- 
tary Academy,  could  with  me  find  a  range  in  less  than  40  seconds,  and  with  an  error 
rarely  more  than  one  per  cent.,  and  such  results  were  obtained  before  a  committee  at 
Shoeburyness. 

In  all  these  methods,  however,  it  is  necessary,  from  the  principle  of  the  instruments 
used,  that  the  base  should  be  horizontal,  or  nearly  so.  In  hilly  country  this  is  almost 
impracticable,  and  great  errors  will  result. 

In  order  to  obtain  the  full  benefit  of  any  range-finder,  thoroughly  competent  observ- 
ers must  be  employed.    To  hope  that  any  method  of  range-finding  can  be  used  by  men 
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who  are  nnBkilled  is  a  delusion.  So  that  it  really  seems  desirahle  that  there  should  he 
attached  to  each  hattery  men  trained  as  rauge-nnders,  receiving  some  small  increase 
of  pay  when  thus  qualined. 

We  do  not  expect  that  every  gunner  should,  after  an  hour's  instruction,  he  compe- 
tent t.o  shoe  a  horse,  and  the  value  of  knowing  one's  ran^e  so  as  not  to  waste  ammu- 
nition is  certainly  of  sufficient  importance  to  demand  traming  and  attention. 

The  method  of  using  the  fixed  angles  and  variable  base,  such  as  88^  34',  87^  8^  and 
84^  17',  I  taught  at  Hythe  to  the  school  of  musketry,  also  at  Aldershot,  and  at  Wool- 
wich about  ten  years  ago ;  also,  the  more  useful  method,  of  any  angle  and  any  base  in 
order  to  overcome  the  defects  of  the  fixed  angle. 

It  will  be  seen  from  these  facts  that  the  Weldon  range-finder  is  not  quite  a  novelty, 
and  from  the  supposed  perfection  of  the  instrument,  and  the  method,  it  appears  that 
its  practical  difficulties  have  not  yet  been  discovered. 

This  opinion  as  to  the  difficulty  of  using  fixed-angle  telemeters  is 
similar  to  that  expressed  in  Ordnance  Notes  134,  though  there  are 
undoubtedly  many  cases  where  they  would  be  very  usefal.  It  is  thought 
that  the  method  of  use  suggested  by  Lieut.  Sedgwick  Pratt,  Third 
Artillery,  U.  S.  A.,  may  materially  increase  the  value  of  fixed-angle 
telemeters.  An  outline  of  this  method  is  here  given  as  applied  in  gen- 
eral to  telemeters  with  fixed  angles.  It  enables  the  observer  to  obtain 
the  distance  between  two  points  even  when  he  can  occupy  neither  of 
them. 

The  observer  being  at  0,  Fig.  6,  to  obtain  the  distance  between  the 
points  A  and  B,  he  lays  on  the  bases  0  O'  and  0  G^^,  as  if  to  determine 
the  distances  0  A  and  0  B,  respectively.  Without  measaring  these 
bases  he  measures  the  distance  C^  G"y  and  this  multiplied  by  the  num- 
ber corresponding  to  the  instrument,  20,  for  instance,  will  give  the  dis- 
tance A  B.  This  is  because  the  angle  G^  0  G'^  is  equal  to  the  angle 
A  G  B,  and  the  sides  G  G'  and  G  G''  are  proportional  to  the  sides  A  G 
and  B  G  in  the  triangles  G  G^  G'^  and  A  B  G.  Gare  must  be  taken  to 
lay  off  the  bases  in  the  same  direction  from  G,  that  is,  both  to  the  right 
or  both  to  the  left  of  the  observer  at  G  as  he  stands  facing  the  points 
A  and  B  for  the  two  bases  respectively. 

Where  the  instrument  is  adapted  to  laying  off  a  right  angle  also,  the 
observer  can  place  himself  on  the  line  between  two  i>oints,  A  and  B, 
Fig.  7,  and  obtain  the  distance  between  them  in  a  very  simple  manner. 
Being  at  G,  he  lays  off  in  the  same  direction  the  bases  G  G^  and  G  G'', 
one  corresponding  to  the  distance  G  A  and  the  other  to  G  B,  adds  the 
bases,  and  multiplies  their  sum  by  the  usual  number. 

Lieutenant  Pratt's  instrument  consists  of  four  mirrors.  Two  are  set 
at  an  angle  of  45^  and  two  at  a  lesser  angle.  The  number  of  mirrors  is 
the  same  as  in  the  modified  Az^mar  instrument,  which  gives  three 
angles.  The  bases  are  -jV  and  ^  of  the  distance  to  be  detenninedy  and 
with  the  longer  base  the  instrument  is  used  like  Weldon's. 

The  method  shown  in  Fig.  6  is  applicable  to  the  Weldon  range-finder, 
as  well  as  to  those  giving  a  right  angle.  When  the  right-angle  instru- 
ments are  used,  care  must  be  taken  to  lay  off  this  angle  at  the  right  or 
at  the  left  extremity  of  the  base  in  both  observations.  When  A  G  G' 
and  B  G  G"  are  both  right  angles  the  line  G'  G'  will  be  perpendicular 
to  the  line  A  B^  and  this  affords  an  easy  method  of  laying  oft'  a  perpen- 
dicular to  an  inaccessible  line,  two  "points  of  which  are  visible  to  the 
observer.    This  method  can  be  used  also  with  variable-angle  telemeters. 

Thanks  are  due  to  Gapt.  W.  S.  Starring,  Ordnance  Gorps,  to  Lieut. 
Sedgwick  Pratt,  and  Lieut.  Gonstantine  Chase,  Third  Artillery,  for 
assistance  in  the  above  observations,  and  to  Professor  Melville,  of  Har- 
vard College,  for  measurement  of  the  angles  of  the  prism. 
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APPENDIX  30. 

PACK  OUTFIT  FOR  H0TCHKIS8  BREECH-LOADING  MOUNTAIN  GUN. 

(Tliirteeii  plates.) 

Headquarters  Department  op  Dakota, 

Saint  Paulj  December  9, 1880. 

Sir:  Soou  after  the  Hotchkiss  breech-loading  gun,  caliber  1.65,  was 
sent  to  this  department  for  trial,  the  question  of  its  proper  field  trans- 
portation was  presented,  and  a  board  was  convened  for  the  purpose  of 
considering  the  modification  of  the  Mexican  pack-saddle,  or  apar^jo,  so 
generally  used  on  the  plains,  necessary  to  meet  this  especial  purpose. 

The  undersigned,  the  only  remaining  members  of  the  original  board, 
respectfully  submit  the  following  report  upon  the  subject. 

The  first,  gun  received  was  thoroughly  tried  in  the  field,  and  the  ex- 
perience there  gained  led  at  once  to  the  adaptation  of  the  apar6jo  for 
its  transportation  over  the  peculiar  terrain  in  which  it  is  designed  to 
operate. 

The  conclusions  arrived  at  are  so  clearly  represented  in  the  accompa- 
nying drawings  that  more  minute  description  seems  supererogatory. 

The  Madigan  packing  boxes,  modified  by  the  board  to  suit  the  pres- 
ent demands,  have  been  adopted,  and  their  use  is  shown  in  plates  XI 
and  XIII. 

It  may  here  be  incidentally  mentioned  that  the  board  have  also  consid- 
ered the  value  of  these  boxes  in  carrying  small-arm  ammunition,  and 
having  reported  in  favor  of  their  use,  the  Ohief  of  Ordnance  directed 
the  fabrication,  and  issue  of  forty,  which  are  now  undergoing  trial  in 
this  department. 

The  board,  in  the  accompanying  plates,  make  provision  for  packing 
only  the  present  carriage,  the  gun,  and  ammunition,  these  constituting 
essentially  a  ^'mountain  outfit" — meaning  thereby  matSriel  that  can 
accompany  a  light  column  on  a  trail,  le^ing  possibly  through  ^^bad 
lands,"  alkali  plains,  dif&cult  passes,  or  almost  fathomless  canons. 

Wherever  animals  can  be  taken,  thither  can  this  little  field  piece, 
thus  packed,  accompany  them. 

Still  the  board  do  not  desire,  because  they  make  this  recommenda- 
tion in  regard  to  the  purpose  for  which  they  were  convened,  to  be 
thereby  understood  as  being  in  favor  of  the  entire  abolition  of  the  so- 
called  "prairie"  carriage. 

The  board  are  opposed  to  the  shaft-draft  as  a  method  of  gun  traction; 
the  concurrent  testimony  of  all  who  have  attempted  to  make  use  of  it 
for  any  purpose  in  the  Indian  country,  except,  possibly,  in  the  simple 
guise  of  the  primitive  Eed  Kiver  voyageur  cart,  shows  its  inutility, 
nay,  its  utter  impracticability. 

The  correspondence  which  has  taken  place  on  the  subject  between 
the  chief  ordnance  officer  at  these  headquarters  and  the  Chief  of  Ord- 
nance gives  in  detail  the  reasons  for  this  conclusion,  which  need  not  be 
repeat^  here. 
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The  board  are  of  opinion  th  at  an  appropriate  limber  shonld  be  furnished 
for  the  draft  of  the  gun  on  long  marches.  The  pack  outfit  herewith 
submitted  is  designed  to  be  used  on  rapid  scouts  or  demonstrations  un- 
dertaken withojut  an  accompanying  train,  usually  of  short  duration, 
and  of  such  rouJbe  as  promises  a  sp^dy  return  to  the  train,  where,  as  a 
matter  of  course,  the  limber  has  been  left. 

The  board  believe  that  the  carriage  may  be  materially  modified:  the 
axle  may  be  shortened  without  impairing  stability;  a  more  rapidly  work- 
ing system  of  assembling  may  be  devised;  or,  indeed,  so  important  a 
change  may  be  made  that  the  apar^jo-laden  mule  can  himself  be  used 
in  drawing  the  gun  from  point  to  point  on  the  actual  scene  of  engage- 
ment; but  the  board  think  that  these  changes  embrace  technical  ques- 
tions properly  within  the  province  of  the  Ordnance  Department,  and  to 
be  worked  out  at  its  establishments,  the  board  merely  indicating  desid- 
erata, leaving  their  practical  elaboration  to  the  expert. 

PLATES. 

Plate        I. — ^Gun-saddle,  recommended  by  the  board  and  now  under 

trial  at  Forts  Keogh  and  Custer,  with  method  of  attach- 
ment to  apar^jo. 

Plate      II. — Various  views  of  the  gun-saddle. 

Plate     III. — Details  of  wooden  tree  used  in  construction  of  gun-saddle. 

Plate     IV. — Construction  of  iron  gun  carrier. 

Plate       V. — Various  views  of  the  carriage  and  wheel-saddle.    (Not  yet 

constructed.) 

Plate     VI. — Side  elevation  of  Madigan  ammunition  box. 

Plate   VII. — ^Top  and  bottom  elevation  of  Madigan  ammunition  box. 

(Smaller  size.) 

Plate  VIII. — ^End  elevation  and  sectional  views  of  same. 

Plate     IX. — Horizontal  section  of  larger  Madigan  ammunition  box. 

Plate      X. — Hub  collet,  with  method  of  use  and  lashing. 

Plate     X[. — Gun  packed,  with  smaller  ammunition  boxes. 

Plate   XII. — ^Carriage  and  wheels  packed. 

Plate  XIII. — Ammunition  boxes  packed. 
Eespectlully  submitted.  E.  P.  HUGHES, 

Captain  Third  Infantry^  A.  JD.  0. 
O.  B.  MICHAELIS, 
Captain  of  Ordnance^  Member  and  Recorder. 
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APPEiroiX  31. 

RECORD  OF  TARGET  PRACTICE  WITH  THE  H0TCHKI8S,  GATLING,  AND 
GARDNER  MACHINE  GUNS,  BY  CAPT.  E.  B.  WILLISTON,  SECOND  AR- 
TILLERY. 

Corpus  Christi,  Texas,  January  1, 1881. 

General:  I  respectfully  submit  herewith  record  of  target  practice 
for  the  year  ending  December  3L,  1880,  in  compliance  with  Par.  ^o. 
105,  Ordnance  Begulations,  1877. 

Form  Xo.  31  has  not  been  used,  as  it  is  not  applicable  to  the  arma- 
ment of  this  battery. 

This  report  is  sent  direct,  as  monthly  records  of  practice  have  been 
forwarded  regularly  to  department  headquarters. 

Owing  to  circumstances,  such  as  changes  of  station,  long  marches, 
and  field  service,  the  target  practice  has  not  been  as  regular  as  it  other- 
wise would  have  been. 

In  the  absence  of  any  special  instructions  regarding  practice,  I  have 
endeavored  to  observe  field  conditions,  such  as  would  apply  in  actual 
war,  so  far  as  possible. 

Nothing  would  be  gained  by  my  attempting  the  trials  already  made 
before  ordnance  officers. 

To  carry  out  the  plan  mentioned,  the  days  for  practice  have  been 
arbitrarily  fixed,  regardless  of  weather. 

The  guns  have  been  placed  at  the  stake  put  to  indicate  the  range, 
whether  the  ground  was  favorable  or  not. 

In  brief,  I  have  tried  to  show  what  may  be  expected  fh)m  the  guns 
I  have,  under  conditions  of  field  service,  when  manned  by  average  gun- 
ners. This  has  been  constantly  kept  in  view,  trusting  that  it  would 
meet  with  your  approval. 

FUSES. 

The  Hotchkiss  fuses  have  proved  good,  very  few  failing.  Twenty 
shells  have  been  fired  over  water  during  the  year  for  instruction;  in 
each  case  the  shell  was  exploded.  A  few  fired  at  the  target  failed,  the 
fulminate  being  damaged ;  and  two  caused  the  shell  to  burst  close  to 
the  gun. 

PRAOTIOE  aEOUND. 

The  practice  ground  selected  was  a  plain  devoid  of  brush,  nearly 
level,  and  soft  in  places.  The  target  was  placed  in  the  highest  part  of 
a  rise  of  ground,  about  2P  feet  above  the  plain,  the  ground  sloping  to 
the  front  and  rear.  About  fifty  yards  in  front  of  the  target  were  a 
number  of  gravel  pits.  This  location  was  selected,  as  it  was  the  exact 
place  that  would  be  taken  by  an  enemy  to  place  a  battery  with  its  sup- 
ports. It  was  an  unfavorable  position  for  guns  to  attack,  but  pre- 
sented conditions  not  unusual  in  action.  A  good  range  can  be  obtained 
near  this  city  up  to  6,000  yards  and  over.  With  the  exception  of  the. 
rainy  months,  the  whole  range  is  dry  and  sufficiently  hard. 

In  this  connection  I  may  mention  that  the  targets  are  so  arranged 
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that  in  case  the  projectile  passes  beyond,  it  goes  into  the  bay,  insaiing 
safety  and  giving  an  opportunity  to  observe  the  eifect  produced  by  its 
striking  the  water. 

WEATHER. 

Practice  has  taken  place  in  good  and  bad  weather,  some  daring  wet 
^<  northers,"  amid  driving  rain  and  violent  gusty  winds. 

GBOUND. 

The  ground  where  the  gun  stood  has  at  times  been  hard,  at  others 
the  mud  has  been  half  way  to  the  naves  of  the  wheels. 

GUNS. 

The  Hotchkiss  revolving  cannon  have  worked  to  my  perfect  satisfac- 
tion. It  is  the  most  accurate  and  deadly  arm  of  which  I  have  any 
peraonal  knowledge.  The  Gatling  guns  have  worked  well  and  given 
satisfaction.  The  Gardner  gun,  recently  received,  has  only  been  fired 
a  few  times ;  has  proved  accurate,  and  has  the  advantage  of  simplicity 
and  easy  and  sure  action.  It  is  not  as  liable  to  get  out  of  order  as  the 
Oatling,  and  is  cleaned  with  much  more  ease.  The  Lowell  guns  have 
as  yet  not  been  fired,  no  feed  tubes  having  been  sent  with  them.  Ke- 
X)orts  on  the  Gardner  and  Lowell  guns  will  be  submitted  hereafter. 

CABBIAGES. 

The  Hotchkiss  carriages  have  stood  the  heat  and  dryness  of  this  cli- 
mate perfectly.  The  only  objection  observed  about  the  equipment  of 
the  carriage  is  the  absence  of  lock-chains.  The  recoil-breaks  are  not 
strong  enough  to  stand  the  strain  thrown  on  them  by  steep  pitches, 
common  on  the  roads  in  this  country.  A  report  on  this  subject  has 
been  already  submitted.  The  other  carriages  have  endured  all  kinds  of 
exposure  without  injury,  except  that  the  lids  oi  the  ammunition  chests 
have  warped  badly. 

AMMUNITION. 

The  percussion  shells  used  in  the  Hotchkiss  have  proved  unreliable, 
owing  to  the  powder  in  the  cartridges  having  been  damaged  more  or 
less.  Examination  has  shown  l^hat  some  of  the  powder  was  <^ caked," 
while  in  others  the  powder  has  been  found  pulverized  to  a  considerable 
extent.  Target  No.  23  shows  the  results  obtained  from  these  unrelia* 
ble  cartridges. 

About 2,000  rounds  of  Frankford  ammunition,  caliber  .45,  received  by 
me  in  unmarked  boxes,  at  Fort  Olark,  proved  to  be  very  much  dam- 
aged; cause  unknown;  supposed  date  of  manufacture  prior  to  187t. 

Almost  all  the  ammunition,  caliber  .45,  on  hand  at  the  time  was  wet 
and  damaged  by  the  salt  water  during  the  great  storm  of  August  last,  at 
which  time  the  park  was  flooded  and  the  guns  for  a  while  under  water. 
The  results  obtamed  with  this  ammunition  were  unsatisfactory.  (See 
targets  Kos.  16, 18, 20, 22,  &c.)  In  all,  there  were  about  5,000  rounds  of 
this  damaged  ammunition. 

.  Frankford  ammunition  works  better  with  the  Gatling  than  any  other 
kind  that  1  have  tried  thus  fiar. 
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SIGHTS. 

•  The  peep  sights  have  proved  a  saccess  with  all  of  the  gans.  Tele- 
scopic sights  will  be  used  with  the  Hotchkiss  for  ranges  above  2,000 
yanls. 

BXPBNDITTJBE  OF  AMMUNITION. 

Hotchkiss  percussion  shell : 

Fired  at  target 275 

Fired  over  water 20 

296 

Frankford,  caliber  .45: 

Fired  at  target 6,000 

Fired  over  water  to  show  effect  of  oscillators  (all  of  damaged  lot) 2, 311 

8, 311 

Winchester,  caliber  .45»  fired  at  target 1,760 

I  beg  to  submit  the  following  recommendations  regarding  machine 
gans: 

Ist.  That  they  be  browned. 

2d.  That  peep  sights  be  adopted  and  the  trout  sights  be  made  finer. 
That  all  rear  sights  be  made  to  work  up  and  down  by  means  of  a  screw 
similar  to  the  one  on  the  improved  Gardner  gun.  That  rear  sights  be 
arranged  and  graduated  for  3,500  yards. 

3d.  That  the  oscillatory  arrangement  now  applied  to  the  Improved 
Gardner  gun  be  adopted  for  the  other  machine  guns,  caliber  .45.  In  my 
opinion  it  is  far  superior  to  the  oscillators  of  the  Gatling  and  Lowell. 

4th.  That  the  lids  of  the  ammunition  chests  be  made  stronger  by 
means  of  iron  straps— strong  enough  to  prevent  warping. 

5th.  That  cartridges  with  bullets  weighing  500  grains  be  issued  to 
this  battery  for  trial. 


.^ 


t0 


f 


.^ 
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APPENDIX  32. 

A     PROPOSED     3.5-INCH     BREECH-LOADING     RIFLED     FIELD-GUN     OP 

WROUGHT-IRON  OR  STEEL. 

BT  CAPT.  GEORGE  W.  M'KEE,  ORDNANCE  DEPARTMENT. 

0 

(One  plate.) 
\  June,  1881. 

General:  I  have  the  honor  to  forward  herewith  drawings  and  spec- 
ifications for  a  proposed  3.5-inch  breech-loading  wroaght-iron  or  steel 
rifled  gnn.  There  is  nothing  new  in  this  gun ;  it  is  but  the  embodiment 
of  the  best  features  I  have  been  able  to  collect  and  assemble  from  native 
and  foreign  sources.  The  gun  is  oonstmeted  on  recognized  principles, 
as  the  accompanying  calculations  and  references  tor  each  and  every  -part 
will  exhibit,  and  it  is  believed  it  embodies— 

1st.  Great  strength,  per  «e,  as  a  propulsive  engine. 

2d.  Lightness  sufficient  for  easy  transportation  and  maneuvering. 

The  calculations  and  references  upon  which  these  views  are  based 
are  here  given  in  ^11,  so  as  to  assist  any  inquiry  as  to  their  correctness 
and  to  enable  the  inquirers  to  improve  on  them  if  may  be.  For  my 
object  in  submitting  this  gun  is  to  urge  upon  the  authorities  the  neces- 
sity for  making  an  entirely  new  field-pieee  for  the  artillery.  The  time  for 
])atehing  up  and  converting  our  very  small  calibers  has  passed.  A  new 
piece  is  imperatively  demanded,  and  if  this  gun  does  not  meet  the  nec- 
essary requirements,  I  trust  that  some  one  else  will  so  modify  its  dimen- 
sions and  general  features  as  to  render  the  resulting  piece  acceptable  to 
the  Army. 

the  chamber. 

The  construction  would  be  simpler  and  an  element  of  weakness*  per- 

.  haps  obviated,  were  the  lands  simply  reamed  to  the  depth  of  the  grooves, 

and  thus  a  long  chamber  for  air-spacing  obtained;  or,  in  other  words, 

if  the  surface  of  the  bore  in  rear  of  where  the  rilling  begins  were  flush 

with  the  bottoms  of  the  grooves. 

There  are  considerations,  however,  which  induce  me  to  believe  that 
the  chamber  should  Ibe  made  as  short  as  possible  and  the  air-space  gained 
in  the  direction  of  the  radius. 

1st.  Everything  possible  in  the  way  of  length  should  be  given  to  the 
rifled  portion  of  the  bore. 

2d.  When  a  very  long  cartridge  is  used,  there  is  '^a  danger  of  setting 
up  wave  action  (even  when  airspace  is  given)  which  increases  the  pres- 
sure in  the  air-chamber  abnormally."t 

I  estimate  that  the  air-chamber  for  this  gun  should  be  8.837  inches  in 
length,  and  should  have  a  diameter  of  3.98  inches.  ^^In  front  of  the 
mouth  of  the  chamber  and  for  a  length  of  1.25  inches  the  bore  is  en- 
larged to  the  bottom  of  the  grooves,  and  the  lands  connected  with  this 
point  by  a  bevel  1.0  inch  in  length."  t 

*  Rodman's  ExperimentB  on  Metals  for  Cannon^  and  Cannon  Powder,  p.  152. 
t  Principles  of  Gnnnery,  Rifled  Ordnance,  by  Major  Bladen,  R.  A.,  p.  ^7, 
t  Constructor  of  Ordnance,  in  Report  of  Chief  of  Ordnance,  1880,  p.  42. 
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This  will  give  to  the  chamber  proper  a  volame  of  94.279  cabio  inches. 

Diamet^  of  chamber  =  3^^98. 
Radius  of  chamber  =  1^^99. 
Length  of  chamber    =  7''.587. 

If  r*  X  7.687  =  12.441  x  7.687  =  94.279. 

The  entire  chamber  is  7".587  +  1''.25  =  8''.837  in  length. 
The  small  frustum  of  a  cone  in  front  of  the  chamber  has  a  volume  of 
14.^21  cubic  inches. 

Badius  of  lower  base  or  end  r  =  1''.99 
Badius  of  upper  base  or  end  x'  =  1".816 
Altitude  =  l'^25 

r/^  =  12.441 
-Kf^  =  10.349 


\/12.441  X  10.349=^128.762=  11.3469 

12.441 
10.349 


•  14.221  ==  0.4166  X  34.1369 

So  that  if  the  base  of  the  projectile  be  even  with  the  beginning  of  the 
beveled  lands,  the  entire  space  in  the  chamber  proper  and  the  frustum 
will  be  =  94.279  +  14.221  =  108.6  cubic  inches. 

Now,  if  we  allow  24.6  cubic  inchest  to  a  pound  of  powder,  the  maxi- 
mum capacity  of  this  chamber-space  would  be  4.429  pounds,  if  it  were 
entirely  fiUed  and  no  cartridge-bag  used.  So  £Ar  as  the  chamber  is  con- 
cerned, it  will,  therefore,  be  impOBsible  to  get  more  than  4  pounds  into 
it  under  ordinary  circumstances.  And  this  is  deemed  a  desirable  fea- 
ture, I  as,  for  this  gun,  3.6  pounds  of  powder  will  be  a  larQe^  and  4  pounds 
a  nery  large^  charge.  It  is  believed  that  with  from  3.6  to  4  pounds  this 
gun  will  largely  outrange  the  present  3-inch  rifle,  and  that  there  can  be 
no  incident  of  field-service  warranting,  at  any  time,  the  use  of  more  than 
4  pounds  of  powder. 

Allowing  nothing  whatever  for  the  cartridge-bag,  we  would  therefore 
find  for  the  small  charge  of  3  pounds  108.64-3  =  36.166  cubic  inches  of 
air-space  per  pound,  giving  a  very  small  pressure  and  diminished 
muzzle  velocity .§ 

.  For  a  charge  of  3.26  pounds,  108.6-^-3,26=33.38  cubic  inches  of  air- 
space per  pound,  giving  a  small  pressure  and  a  moderate  muzzle  ve- 
locity. 

For  a  large  charge  of  3.6  pounds,  108.6 -r  3.6=31.0  cubic  inches  of 
airspace,  giving  a  moderate  pressure  and  a  good  muzzle  velocity. 

And  for  a  very  large  charge  of  4  pounds,  108.6  —  4=27.126  cubi 
inches  of  air-space,  giving  a  high  pressure  and  high  muzzle  velocity.|| 

*  I  have  given  the  details  of  all  the  calcnlations  in  order  that  any  one  feeling  any 
cnrioBity  tnere  anent  may  not  be  subjected  to  the  mechanical  work  of  solving  them, 
t  Principles  of  Gunnery^  Rifled  Ordnance,  by  Mf^or  Sladen,  R.  A.,  p.  29. 

I  Idem,  with  regard  to  assigning  a  certain  limit  to  the  maximum  pressure  in  the 
powder  chamber,  p.  28. 

i"It  is  not  improbable,  under  certain  conditions,  that  the  amount  of  air-space  may 
yet  be  still  more  increased." — ( Vide  M^or  Sladen^s  work,  p.  S7.) 

II  It  is  understood,  of  course,  that  these  are  extreme  limits  between  which  the  air- 
space per  pound  will  be  experimentally  determined. 
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<^The  most  suitable  amount  of  air-space  depends  upon  the  system  of 
rifling  adopts,  the  nature  of  the  powder,  the  weight  of  charge  and  pro- 
jectile, and  must  be  experimentally  determined.  With  Woolwich  guns 
and  cubical  pebble,  the  most  suitable  amount  of  air-space  has  been 
found  to  vary,  under  present  conditions,  from  30  to  34  cubic  inches  per 
pound  of  powder.'' — ( Vide  Sladen,  p.  37.) 

Capt.  C.  S.  Smith,  Ordnance  Department,  reports  that,  with  the 
3.17inch  chambered  rifle,  using  5  pounds  and  13  ounces  I.  B.  sphere- 
hexagonal  powder  and  a  projectile  weighing  10  pounds  8  ounces,  he 
obtained  2,026  feet  initial  velocity  and  a  pressure  of  30,000  pounds. 
The  amount  of  air-space  per  pound  of  powder  was  32  inches.*  Again, 
with  the  3.18-inch  breech-loading  chambered  rifle,  using  3  pounds  of 
(I.  K.)  powder  and  a  projectile  weighing  12  pounds,  he  obtained  1,518 
feet  initial  velocity;  pressure  not  given.t  Three  pounds  of  powder  in 
the  chamber  of  the  3.18-inch  breech-loading  rifle  would  have  an  air- 
space of  35.6  inches  per  pound.  Taking  into  consideration  the  steady 
improvement  in  these  powders,  as  evinced  by  the  reports,  I  am  con- 
vinced that  about  3.5  pounds  of  powder  will  be  a  large,  efficient,  and 
safe  charge  for  this  3.5-inch  gun,  and  that  it  may  be  increased  to  4 
pounds,  if  necessary,  without  straining  the  giin  in  the  least. 

LENGTH  OF  BIFLED  BOBE. 

"The  object  of  the  artillerist  is  to  get  the  greatest  amount  ofworJc  out 
of  a  gun  with  safety^  quite  irrespective  of  the  means  employed."f  There- 
fore, after  constracting  a  gun  strong  enough  in  all  its  parts  to  resist 
the  strains  to  which  it  will  be  subjected,  sufficient  length  of  bore  must 
be  given  it  to  utilize  all  of  the  powder  possible.  We  wish  to  And  the  best 
practicable  lengthy  consistent  with  the  efficient  working  of  the  gun  in 
actual  service,  which  will  meet"  this  requirement.  By  calculating  the 
number  of  volumes  of  expansion  of  the  powder  charge  contained  in 
the  bore  of  this  gun,  it  is  believed  that  a  length  of  59.26  inches,  rifled 
bore,  will  give  the  maximum  work  possibly  obtainable  under  the  above 
conditions. 

From  one  of  the  tables  of  !Noble  &  Abel,  it  appears  that  for  7.9  vol- 
umes of  expansion,  the  total  work  the  powder  is  capable  of  realizing 
per  pound  burnt  is  99.23  foot-tons.§ 

Allowing  24.5  cubic  inches  to  the  pound,  the  space  occupied  by  3.5 
pounds  of  powder  would  be  24.5  x  3.5=85.75  cubic  inches. 

85.75  X  7.9=678.65  cubic  inches. 

The  volume  of  the  chamber  and  frustum  has  already  been  fbund  == 
108.5  cubic  inches.  Hence  the  volume  of  the  rifled  bore,  to  give  space 
for  7.9  volumes  of  expansion,  should  be =678.65  —  108,5=:  570.15  cubic 
inches. 

Kadius  of  bore  =  1.75, 7r7'«= 9.62115  square  inches,  670.16  -j-  9.62115 
=  69.26  inches,  or  length  of  rifled  bore.  The  entire  length  of  chamber, 
frustum,  and  rifled  bore  will  be  =  7.587  +  1.26  +  69.26  =  68.097  inches. 
The  maximum  work  capable  of  being  performed  by  3.6  pounds  of  powder 
will  be  =  3.5  X  99.23  =  347.305  foot-tons. 

*  Report  of  the  Chief  of  Ordnance,  1879,  p.  87. 
t  Report  of  the  Chief  of  Ordnance,  1880,  p.  53. 
tMa^jor  Sladen's  work.  p.  36. 

i  Ma^jor  Sladen's  work,  p.  30.  This  table,  I  believe,  was  calculated  from  resnlts 
obtained,  from  experiments  with  a  10-inch  gan. 
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But  with  the  fair  muzzle  velocity  of  1,500  feet,  the  calculated  energy 
will  be  but  249.557  foot-tons  at  the  muzzle — 

MV     _      WV      _16  X  (1500r_M49  557 
2  X  2240      2  ^  X  2240      64.4  x  2240      ^     ' 

and  the  "factor  of  effect"  for  this  velocity  will  be  72 — 

24955  -4-  347  =  72. 

For  the  moderate  muzzle  velocity  of  1,350  feet,  the  muzzle  energy  will 
be  202.14  foot  tons— 

WV»       ^  16  X  (1350)'  _  .,^^  . . 
2g  x~2240       64.4  x  2240      "  ■^" 

and  the  ^'factor  of  effect-'  for  this  velocitv  will  be  58 — 

202.14  -r-  347  -=  58.» 

Following  the  rule  of  the  Englisht  and  "  allowing  a  small  percentage 
for  loss  of  energy,  due  to  the  communication  of  heat,  &c.,  to  the  gun — 
which  can  only  be  judged  by  experience^a  very  close  approximation  to 
the  muzzle  velocity  may  be  obtained.  In  this  case  deduct  5  per  cent. 
fix)m  the  maximum  theoretic  work,  in  order  to  approximate  to  the  work 
actually  realized,  which  would  be  329,65  " — 

347  -  17.35  =  329.65.t 

Substituting  in  this  formula 

muzzle  velocity  =    /2  x  32.2  =  ^^^•-^-  ^— ^^i?  ==  1723  F  ft 

V  16 

^' which  is  very  nearly  the  muzzle  velocity  determined  by  experiment.'^ \ 

With  a  projectile  weighing  16  pounds  and  about  3.5  pounds  of  as  good 
a  powder  as  the  (I.  K.)  experimented  with  by  Captain  Smith,  a  velocity 
in  this  neighborhood  may  be  relied  on.  For  all  practical  purposes  the 
muzzle  velocity  varies  directly  ^s  the  square  root  of  the  weight  of  the 
powder,  and  inversely  as  the  square  root  of  the  weight  of  the  projectile, 
and,  when  we  take  into  consideration  the  slight  increase  in  the  work  of 
the  powder  due  to  the  increase  in  the  weight  of  the  projectile,  3.5  pounds 
of  powder  and  a  16-pound  projectile  will  answer  to  compare  with  3 
pounds  of  powder  and  a  12  pound  shot.  || 

THE  FER3IBTURE. 

The  breech-block  is  that  devised  by  the  Constructor  of  Ordnance,  a 
full  description  of  which  will  be  found  on  page  67,  report  of  the  Chief 
of  Ordnance,  1879.  The  dimensions  of  the  block  are  shown  in  the  draw- 
ings. 


*  Major  Sladeu's  work,  p.  31.  t  Idem^  p.  'X^,  X  Major  Sladen's  work,  p.  33. 

$  Mem.  II  Report  of  the  Chief  of  Ordnance,  1880,  p.  53. 

2K)  ORD 
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THE  GAS-CHECK. 

An  ordinary  Broad  well  ring,  or  a  compound  steel  and  copper  check,  as 
described  in  Appendix  H*,  report  of  Chief  of  Ordnance,  1879,  forms  the 
^as-check.  The  chamber  is  enlarged  at  the  rear,  to  form  a  recess  for 
it,  and  its  dimensions  are  shown  in  the  drawings. 

THE  RrPLoa. 

If  a  uniform  twist  be  used,  I  respectfully  suggest,  as  the  best  pitch  for 
this  caliber,  one  turn  in  11  feet  (37.71  calibers),  and  that  there  be  seven 
grooves  and  lands  of  equal  width.  If  we  take  a  3.5-luch  Butler  projec- 
tile, its  radius  of  gyration  will  be  found  to  be  1.175784  inches=0:097982 
feet. 

This  is  found  from  the  proportion — 


700  :  16.5  :  :    4.10053583 :  a? 
or 

700  :  16.5  :  :  68.94661396799  :  ^ 
whence 

700^  =  1137.619130471835 

x"  =  1.62517018638833 

X  =  1.175784. 

This  is  a  practical  calculation  for  all  practical  purposes;  it  gives  some- 
what less  than  the  true  radius  of  gyration,  and  is  therefore  on  the  side 
of  safety,  as  it  throws  everything  against  the  projectile.  It  makes  the 
moment*  of  the  projectile's  quantity  of  motion  around  its  longer  axis  less 
than  the  true  moment,  and  therefore  assures  us  we  are  within  safe  limits 
when  estimating  the  opposing  resistances  of  gravity  and  the  air.  It  can 
be  shown  that  with  even  a  greater  length  of  twist  than  11  feet  a  Butler 
projectile  will  have  sufficient  angular  velocity  to  keep  its  longer  axis  in 
the  direction  of  the  tangent  to  the  trajectory  at  a  distance  of  two  miles. 
I  am  probably  biased  in  favor  of  this  projectile,  and  also  in  favor  of 
Captain  Butler's  ideas  of  rilling,  as  from  considerable  experience  with 
his  projectiles  I  never  found  one  to  fail,  and  from  the  great  study  he  has 
given  the  subject  I  have  every  confidence  in  his  rifling.  Rifling  is  a  mat- 
ter of  judgment,  on  which  there  are  different  opinions,  and  I  have  fol- 
lowed Butler  in  suggesting  a  twist.  If  the  twist  be  one  turn  in  11  feet, 
and  the  projectile  turn  once  on  its  axis  in  that  distance,  these  velocities 
below,  will  explain  themselves : 

1350      .ao    1400      .07    1450      -01     1600      ..^ 
-_  =  122j-.^^-  =  127;  -_  =  131;_j.  =  145., 

THE  EXTERIOR  FORM. 

The  pressuret  will  be  reduced  one-half  at  jfj  of  the  length  of  the  bore 


'Benton's  Ordnance  Gunnery,  pp.  175  and  431. 

t  See  plate,  Major  Sladen's  Worlc,  p.  24.  To  constract  the  curves  a  10-inch  gun  was 
used,  with  pebble  and  R.  L.  G.  powders.  The  pressures  of  both  these  powders  largely 
exceed  the  U.  8.  (I  K),  the  density  of  the  R.  L.  G.  being  1.68,  that  of  the  pebble 
1.78,  while  that  of  the  (I  K)  is  1.725.  As  this  English  lOinch  gun  has  fewer  Yolumee 
of  expansion  than  the  3.5-inch  gnn  here  proposed,  it  will  be  seen  that  everything  is 
thrown  against  the  latter  in  calculating  proportional  distances  from  the  curves.  Then 
the  gun  is  strengthened  beyond  these  distances. 
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from  the  starting  point  of  the  base  of  the  projectile.  This  starting  point 
is  taken  at  the  beginning  of  the  beveled  lands,  and,  for  entire  safety, 
the  position  of  one-half  pressure  is  placed  at  19.4  inches  from  the  start- 
ing point.  It  being  thus  seen  that  this  point  of  one-half  pressure  is 
taken  a  little  less  than  one-third  distance  from  the  starting  point,  it  is 
obvious  that  everything  has  been  thrown  against  the  gun,  and  no  objec- 
tion of  '*  wet-nursing,'^  as  it  is  termed  by  artillerists,  can  be  urged  against 
the  resulting  dimensions. 

The  greatest  tension,  and  corresponding  pressure  of  the  powder  gases, 
will  be  reached  when  the  base  of  the  projectile  has  moved  2.9  inches 
from  the  starting  point.  For  perfect  saiety  this,  too,  is  measured  from 
the  beginning  of  the  beveled  lands. 

When  the  base  of  the  projectile  has  moved  forward  this  distance  of 
2.9  inches,  we  have,  therefore,  thrown  upon  the  chamber  and  a  small 
portion  of  the  rifled  bore  the  greatest  pressure  to  which  the  gun  will 
be  subjected.  The  tangential,  the  torsion,  and  longitudinal  strains  wiQ 
all  act  as  the  projectile  has  commenced  to  take  the  grooves.'  General 
Bodmau  p1ace(^  the  maximum  diameter  a  little  forward  of  the  middle  of 
the  length  of  bore  subjected  to  maximum  pressure.*  He  wished  to  give 
this  part  of  the  gun  an  excess  of  strength  over  other  parts,  to  make  a 
pleasing  outline,  and  to  accomplish  these  objects  with  the  minimum 
weight  of  metal.  He  assumed  (R)  in  *detennining  that  vajue  of  (L) 
which  gives  the  maximum  bursting  tendency  from  one-iifteenth  to  one- 
t^nth  less  than  the  maximum  exterior  radius.  These  same  objects  may 
be  attained  by  placing  the  actual  calculated  maximum  diameter  a  little 
forward  of  the  middle  point,  between  the  base  of  the  breech  and  the 
position  2.9  inches  from  the  starting  point  of  the  base  of  the  projectile. 
Thus  there  will  be  no  doubt  of  a  sufficiency  of  metal  at  that  part  of  the 
gun  where  it  is  most  needed. 

With  a  thickness  of  4.0  inches  over  the  chamber  a  pressure  of  63,306 
pounds  per  square  inch  will  just  reach  the  low  elastic  limit  of  20,000 
pounds.  In  other  words,  when  this  pressure  is  exceeded  the  gun  will 
be  strained.  If  the  elastic  limit  be  taken  at  24,000  pounds,  it  will 
require  a  pressure  of  75,967  pounds  per  square  inch  to  strain  the  gun. 

c  =  4.0 
M  ^-^=  20,000,  or  24,000 

P  =  Pressure 

P  =  ^  .  M^  .  c  (^^-^-*'Y  =^?306, or  75967 pounds, 

8        V       \     ^     y 

according  as  M  ~  =  20,000  or  24,000. 

So  that,  allowing  over  5,000  pounds  per  square  inch  for  the  longitudi- 
nal and  torsion  strains,  which  is  greatly  in  excess  of  the  reality,  the  gun 
may  be  subjected  to  a  pressure  of  58,000  pounds  per  square  inch  with- 
out straining  it  in  the  least. 

Again,  with  a  gun-iron  having  the  moderate  tenacity  per  square  inch 

dv 

of  40,000  pounds,  this  same  equation  (substituting  40,000  for  M— )  shows 


*  Rodman,  Experiments  on  Metals  for  Caonon)  &c.,  p.  219. 
tProf.  W.  H.  C.  Bartlett,  Strains  on  Rided  Guns,  &c. 
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tliat  it  will  take  a  pressare  of  126,612  pounds  per  square  inch  to  break 
this  gun.  Unless  something  in  the  nature  of  a  fulminate  is  used  it  can- 
not readily  be  done.* 


;r  =  3.1416 

Lor. 
0.4971509 

M—  =  20,000 

4.3010300 

0  =  4 

c  -f  2v  =  7.98 
8  =  8 

2 

0.6020599 

0.9020028 

ac  9.0969101 

v8  =  1.99 

ac  9.40229:^ 

63306 

4.8014475 

*        * 

# 

TT  — 3.1416 

My  =  40,000 

Log. 
0.4971509 

4.6020600 

c=4 

c  +  2v  =  7.98 

8  —  8 

2 

0.6020599 

0.9020028 

ac  9.0969101 

v2  =  1.99 

ac  9.4022938 

126618 

5.1024775 

The  elastic  limit  being  taken  at  20,000  pounds,  at  the  distance  of  19.4 
inches  from  the  starting  point  of  the  base  of  the  projectile,  the  thick- 
ness of  walls  should  be  2.57  inches  to  resist  the  half  of  greatest  pressure. 

This  is  — ^ —  =  31,653  pounds,  which,  substituted  for  P  in  this  equation 

below,  after  being  increased  to  40,000  for  torsion  and  longitudinal  strains, 
we  will  find — 

+ 


-Yi=P\/^  +  ;r'MS;) 


2.57  inches, 


the  upper  sign  being  taken.  Having  allowed  here  over  |8,000  pounds 
per  square  inch  for  torsion  and  longitudinal  strains,  it  will'  be  seen,  per- 
haps, how  unnecessarily  strong  the  gun  is,  as  the  walls  are  in  fact  3.21 
inches  at  this  point;  it  l>eing  borne  in  mind  that  this  liberal  allowance 
for  strains  just  reaches  the  low  elastic  limit,  and  does  not  strain  the 
gun. 
The  pressure  at  the  muzzle  will  be  one-sixth  of  the  greatest  pressure.! 

Taking  it  at  one-fifth  we  wiU  have       —  =12,661  pounds  per  square 

inch,  and  allowing  the  excessive  torsion  and  longitudinal  strains  of  3,783 
pounds  per  square  inch,  we  will  find  that  the  sum  of  12,661  and  3,783  = 
16,444 — substituted  for  P  in  this  same  equation  above,  will^give 

o=-i".,5(i^7i+:»yM«)=i..6 

for  the  thickness  of  walls  at  muzzle. 


*  Bear  in  mind  v  is  here  the  radius  of  the  chamber  =  1.99  inches. 

tProf.  W.  H.  C.  Bartlett. 

t  Carefully  worked  out  from  curves.     Sladen^  p.  24. 
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The  thickness  of  metal  iu  rear  of  breech-block  is  equal  to  one  and 
one-half  diameters  of  bore.  All  the  dimensions  are  given  in  the  draw- 
ings, and  an  attempt  has  been  made  to  show  the  curve  of  the  breech, 
but,  as  I  am  a  poor  draughtsman,  this  has  not  been  very  successful. 
An  expert  draughtsman  could  readily  put  in  very  graceful  Eodman 
curves  for  the  breech  and  the  chase  in  front  of  the  trunnions,  materially 
adding  to  the  beauty  of  the  piece. 

These  calculations  are  made  for  wrought-iron  with  the  low  elastic 
limit  of  20,000  pounds.  The  exterior  curves  of  the.  gun  are  so  simple 
that  the  alteration  of  a  few  dimensions  will  cause  the  curves  to  conform 
to  st^el,  or  bronze,  or  steel  bronze. 

CENTER  OP  GRAVITY. 

In  order  to  And  the  center  of  gravity  of  the  gun  a  very  fine  piece  of 
Tvell-seasoned  poplar  was  planed  out  to  a  thickness  of  one-fourth  of  s^jf, 
inch.  This  was  tested  for  homogeneity  by  suspending  it  from  different 
points,  and  the  center  of  gravity  found  to  coincide  with  the  center  of 
figure  almost  identically.  The  distorted  half-section  of  the  gun  was 
then  traced  on  the  board  so  as  to  represent  its  entire  length,  but  only 
one-half  was  taken  of  the  squares  of  the  semi-diameters.  This,  it  was 
thought,  would  give  a  half  section  of  such  proportions  as  to  render  the 
probability  of  error  a  minimum.  The  method  is  given  in  the  Report  of 
the  Chief  of  Ordnance,  1880,  p.  185.  By  it  the  distance  of  the  center 
of  gravity  from  the  base  of  the  breech,  measured  on  the  axis,  was  found 
to  be  31.17  inches.  By  calculation  this  distance  was  found  to  be  31.5488 
inches,  making  a  difference  of  0.3788  inches  between  the  two  approxi- 
mations. The  calculation  was  made  according  to  the  general  principle 
as  laid  down  in  Report  of  Chief  of  Ordnance,  1880,  p.  184. 

The  details  of  this  calculation  accompany  this  paper.  As  the  process 
is  a  familiar  one  it  is  respectfully  suggested  that  they  be  simply  filed. 

The  plane  of  reference  is  taken  perpendicular  to  the  axis  at  the  base 
of  the  breech : 

First  frustum, 

A  conical  frustum  irom  face  of  muzzle  to  front  of  breech-block. 

R  =  radios  of  large  end;  v  =  radius  of  small  end. 
R  =  4  +  1.99  =  5.99 ;   v  =  1.75  +  1.6  =  3.35. 

Area  face  of  muzzle  =V  v*  =  3.1416  x  3:35  =  35.2566. 


Area^sectionjront  of  breech-block  =  r  R«  =  3.1416  x  5.99  =  112.720^. 

V  35.25GG  X  112.7209  =  63.0409 

112.7209 
A  =  altitude  ==  68.097  35.2566 


68.097 
3 


211.0184 
22.699 


Volume  of  entire  frustum  =  4789.9066  cubic  inches. 

Volume  of  bore  and  chamber  =  678.65 


Volume  of  solid  ])art  -=  4111.2566 
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(E  +  v)«  =  5.99  +  3.35  =  9.34  =  87.2356 


R«  =  5:99  =  35.8801 

E  y  =  5.99  X  3.35  =      20.0665 

(E  +  v)'  +  2  E'   _  87.2356  +  71.7602  ^^   3670 
(E  +  v/)«  -  E  y    ~  87:2366  -  20.0665 

4  =^?^I  =  17.02425:  2.3670  x  17.02425  =  40.29639975,  which  fe 
4  4 

the  distance  of  the  center  of  gravity  of  this  frustum  from  the  face  of 

the  muzzle. 

The  entire  length  of  the  piece  =  59.26  +  8.837  +  4.1  +  5.28  ==  77.477 

inches.     Hence  77.477  —  40.29639975  =  37. 18060025  =  a?i  =  distance  of 

^nter  of  gravity  of  this  frustum  from  plane  of  reference. 

Second  frustum. 

A  conical  frustum  included  between  sections  perp^dicular  to  the 
axis  at  front  and  rear  of  breech-block. 

E  =  radius  of  large  end;  v  =  radius  of  small  end; 
E  =  4  +  1.99  =  5.99;  v  =  3.76  +  1.99  =  5.75 

Area  large  end  =  ttE*  =  3.1416  x  5.99  =  112.7209 


Area  small  end  =  ttv*  =  3.1416  x  5.75  =  103.86915 

yf  112:7209  X  103.86915  =  108.204 

112.7209 

A  =  4.1 ;  ^'}  ==  1.366       103.86915 

324.79405 
1.366 


Volume  of  entire  frustum  =  443.6686723 
This  is  solid,  as  it  includes  the  breech-block. 

(E  +  v)*  =  5.99  +  5.75  f=  ILTi  =  137.8276 

R"  =  5:99  =  35.8801 

Ev  =  5.99  X  5.75  =  34.4425 

(R^+^)*  +  2  E*  ^  137.8276  +  7L7602  =  ^  0970 
(E  +  ^,Y^Sir        137:8276  -" 34.4425 

^  =  1.025 ;  2.0272  x  1.025  =  2.07788  =  distance  of  center  of  gravity 

of  this  frustum  from  its  smaller  end.  The  small  end  is  toward  the  base 
of  the  breech,  hence  Xi  =  2.07788  +  5.28  =  7.35788  =  distance  of  center 
of  gravity  of  this  frustum  from  plane  of  reference. 
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Third  frustum. 

A  conical  frustam  included  between  rear  of  breech-block  and  a  sec- 
tion perpendicular  to  axis,  wliose  radius  is  equal  to  5.50  inches. 

R  =  5.75  =  radius  of  large  end ;  v  =  5.60  =  radius  of  small  end. 
R  =  3.76  +  1.99  =  5.75 ;  v  =  3.51  +  1.90  =  5.50. 


Area  large  end  =  t  R*  =  3.1416  x  5.76  =  103.86915 
Area  small  end  =  r  v*  =  3.1416  x  6^0*=    95.0334 


V  103.86915  X  95.0334 
A  =  3.969  5    ?!|^=  1.323 


99.353 
103.86915 

95.0334 


Volume  of  entire  frustum 
Volume  of  breech-opening 

■ 

Volume  of  solid  part 
(R  +  vf  =  5.75  -f  5.50  =  rr.25 


R» 
Ry 


=  5.75 

=  5.75  X  5.50 


298.25555 
1.323 

=  394.59209265 
=  49.39077 

=  345.20132265 


=  126.5625 

=  33.0625 
=  31.625 


(R4,  v)«4,2R^_  126.5625  +  66.1250  _ 
(R  4-  v)»  -  R  V  ""  126.5625  -  31.625  "" 


3.969 


-^  =  0.99225 ;  2.0296  x  0.99225  =  2.0138706  =  distance  of  center 

of  gravity  of  this  frustum  from  its  smaller  end.  The  small  end  is  towcuu'dH 
the  base  of  the  breech,  hence  x  =i  2,0138706  -f  1.311  =  3.3248706  = 
distance  of  center  of  gravity  of  this  frustum  from  the  plane  of  refer- 
ence. 

Fourth  frustum. 

A  conical  frustum  included  between  base  of  breech  and  a  section 
perpendicular  to  axis,  whose  radius  is  equal  to  5.50. 

R  =  radius  of  large  end ;  \>  =  radius  of  small  end. 
R  =  3.51  +  1.99  =  5.50 ;     v  =  2.49  +  1.99  =  4.48. 

Area,  large  end  =  ttR*  =  3.1416  x  5.50  =  95.0334 

Area,  small  end  =  tt  v«  =  3.1416  x  4.48  =  03.335 
*  *  *  #  *  *         *       • 
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V95.d334  X  63.33S 

A  =  1.311;     '^^•':^^  =  0.437 


Volume  of  eutire  frustum 
Volume  of  breech  opening 

Volume  of  solid  part 

8  '   _  2 


(R  +  >y  =  5.50  +  4.4S  =  9.98 


R« 
Rv 


=  5.50 

=  5,50  X  4.48 


=  77.5818 
95.0334 

63.335 

235.9502 
0.437 

=  103.1102374 
=  16.3102167 

=  86.8000207 

=  99.6004 

=  30.25 
=  24.64 


(R+^^Y  +  2 R«  _  99.6004  +  60.50  _  o  iQf;7 
(R  +  v)^  -  R  V  *-  99.6004  -.  24.64  "" 


1  ^11 

-^  =  0.32775 ;  2.1357  x  0.32775  =  a?,  =  0.699975675  =  distance  of  cen- 
ter of  gravity  of  this  frustum  from  the  plane  of  reference. 

Moment4f, 


First  frustum, 
Second  frustiun. 
Third  frustum, 
Fourth  frustum, 


4111.2566  X  37.18060025  =  152858.95 

443.6686723  x     7.35788  =  3264.4609 

345.20132265  x     3.3248706  =  1147.749 

86.80000207  x     0.699975675  =  60.7578 


4986.92659702 


157331.9177 


Center  of  grmity  of  gun  from  plane  of  reference  = 

157331.9177 


X  = 


4980.92659702 


=  31.5488  inches. 


To  insure  a  slight  preponderance,  as  a  counter  to  drooping  of  muzzle, 
the  axis  of  tninnions  id  the  drawings  is  taken  at  31.76  inches  from  the 
base  of  breech. 

From  the  volume  of  the  gun  as  given  above  we  see  that  with  iron  of 
density  of  7.781,  allowing  55  pounds  for  the  trunnions  and  rim  base, 
this  gun  will  weigh  1,451  pounds.*  With  an  iron  of  the  density  7.676 
(coiled  wrought-iron  for  gun-tubes)  it  will  weigh  1,431  pounds.  As,  in 
putting  in  the  Rodman  curves  in  front  of  the  trunnions,  some  metal 
may  be  removed  advantageously,  the  weight  of  the  gun  is  given  at 
1,400  pounds.  When  it  is  considered  how  easily  the  12-pounder  Napo- 
leon is  handled  with  its  weight  of  1,250  pounds,  and  we  take  into  con- 
sideration the  rack  of  the  carriage  and  the  recoil,  this  weight  (1,400 
pounds)  is  deemed  about  right. 

In  applying  these  references  to  this  gun^  I  am  greatly  indebted  to 
Col.  D.  W.  Flagler,  Capt.  0.  S.  Smith,  and  Lieut.  L.  L.  Bruif,  Ordnance 
Department,  for  much  information  and  assistance. 

*Koport  of  Cliiof  of  Ordnance,  1881),  p.  88 

*  Jones  &  Laughliu'i3  Book,  p.  240 
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APPENDIX  33. 

KEPORT  ON  THE  COMPARATIVE  MERITS  OF  SHELLS  WITH  RUBBER  SUP- 
PORTING ANVILS  AND  THE  SERVICE  CARTRIDGE  SHELL  FOR  USE  BY 
TROOPS  IN  AIMING  DRILLS. 

BY  LIEUT.    C.   C.   MORRISON,  UNDER    THE    DIRECTION  OF    THE    COMMANDING  OFFICER 

OF  THE  NATIONAL  ABMORY. 

(One  plate.) 

October  3, 1881. 

Sir  :  In  accordance  with  your  instructions  I  have  tested  the  shells 
with  rubber-supporting  anvils,  devised  by  one  of  the  employes  at  Water- 
town  arsenal,  for  protecting  the  firing-pin  from  breaking  in  the  snapping 
necessary  in  aiming  drill.  The  device  consists  of  a  brass  solid-head 
shell  for  outside  primed  cartridges,  the  bottom  of  the  primer  cup  of 
which  is  drilled  out.  A  plug  of  rubber  is  forced  into  the  shell,  filling 
the  same  for  a  distance  of  six-tenths  of  an  inch,  projecting  into  and  filling 
the  cup. 

Two  forms  were  submitted,  one  in  which  the  cup  was  filled  flush  with 
the  face  of  the  head,  the  other  having  the  rubber  project  .05  of  an  inch 
beyond  the  face  of  the  head. 

To  determine  the  eflSciency  of  the  device  eleven  firing-pins  were  taken 
from  the  same  tray  of  current  manufacture,  to  be  experimented  with. 

I  had  but  four  of  the  shells  with  the  rubber  anvil,  just  filling  the  cup, 
and  one  with  it  projecting  beyond  the  face. 

On  these  first  four  the  hammer  was  snapi>ed  till,  in  succession,  one 
pin  was  broken  on  each. 

The  average  number  of  blows  necessary  to  break  the  pin  was  1,300. 

The  hammer  was  snapped  on  the  one  shelly  with  the  anvil  projecting, 
till  two  pins  had  been  broken,  one  sustaining  2,840  blows,  the  other 
4,780,  giving  a  mean  of  3,810  blows. 

The  rubber  anvil  had  by  this  time  had  a  hole  about  .05"  deep  pricked 
m  It. 

I  then  snapped  till  broken,  on  service  Frankford  folded  head  shells, 
the  remaining  five  pins;  these  shells  were  changed  after  each  twenty 
blows,  and  the  five  pins  resisted,  before  breaking,  on  an  average  1,332 
blows. 

It  appears  from  these  experiments  that  the  shell,  with  the  rubber 
filling  flush  with  the  face  of  the  head,  presents  no  adv^antage  over  the 
service  shell,  other  than  that  it  does  not  need  to  be  replaced  frequently 
by  a  new  one,  as  the  rubber  anvil  sustained  but  little  injury. 
^^  The  shell,  however,  with  the  rubber  cushion  projecting  beyond  the 
face,  so  supports  the  pin  as  to  i)revent  the  point  jumping  off,  and  there- 
fore does  lengthen  materially  the  life  of  the  pin. 

Each  of  the  eleven  i>ins  broke  just  beyond  where  it  is  supported  in 
its  lowest  position. 

It  is  necessary  to  leave  them  thus  unsupported  to  prevent  wedging 
in  the  block. 

The  inertia  of  the  end  of  the  pin  beyond  this  pohit  causes  the  mole- 
cules to  rearrange  themselves  gradually  till  a  section  of  weakness  is 
developed,  such  that  the  point  is  finallv  jumped  off. 
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Throughout  the  experiaieuts  the  same  rifle  was  used.  It  was  held 
in  a  vei^ical  position  that  the  pin  might  receive  the  full  force  of  the 
blow.  Should  the  department  decide  U>  use  such  shells  for  aiming  drill, 
it  would  facilitate  their  entrance  into  the  chamber,  if  dummy  cartridges 
were  used. 

The  same  end  could  be  attained  by  heavily  crimping,  or  even  bottling 
the  shell.  This  latter  might  seem  necessary  to  prevent  the  rubber  being 
driven  forward  in  the  shell. 

Experiment,  however,  demonstrates  that  the  friction  and  wedging  of 
the  rubber  under  the  blow  is  sufficient  to  prevent  it  moving;  indeed,  it 
is  almost  impossible  to  drive  it  out  with  a  drift. 

Sectional  drawings  are  submitted,  showing  the  firing-pin  in  the  block ; 
second,  the  rubber-filled  shell;  third,  the  firing  pin  as  broken. 
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National  Armory,  July  20, 1881. 

Sir  :  In  relation  to  the  question  which  arose  in  a  recent  conversation 
with  yourself  as  to  whether  the  trajectory  of  a  projectile  in  vacuo  was 
really  a  paralwla,  as  generally  accepted,  I  have  the  honor  to  submit  the 
following  remarks: 

The  instant  the  projectile  leaves  the  muzzle  of  the  piece  it  becomes 
subject  to  the  same  laws  that  govern  the  motipn  of  the  bodies  of  the 
solar  system.  In  fact,  it  may  be  regarded  as  a  body  describing  an  orbit 
around  the  earth  as  the  center  of  attraction. 

On  page  201,  Bartlett's  Analytical  Mechanics,  may  be  found  the  fol- 
lowing general  polar  equation  of  the  orbit  of  a  single  body  Mi,  the  pri- 
mary, revolving  about  a  central  body  M: 

Km 

in  which  r  is  the  radius  vector;  c  the  area  passed  over  by  r  in  a  unit  of 
time;  K  the  reciprocal  attraction  of  a  unit  of  mass  at  the  unit's  distance ; 
m  the  sum  of  the  masses  Mi  and  M;  Ti  the  initial  value  of  r ;  Vi  the  ve- 
locity corresponding  to  ri,  and  (a  +  <p)  the  angle  made  by  the  radius 
vector  with  the  fixed  line.  On  the  same  page  will  also  be  found  the  fol- 
lowing : 

"Comparing  this  with  the  general  i>olar  equation  of  a  conic  section 
referred  to  the  focus  as  a  pole,  viz : 

l  +  eco8(a+  y')'  ^  ' 

we  finda(l-e«)  =  ^^,   (3);   and   ^2=  1  +  tJ^'sT  ^''--^  "^^'W^ 

and  this  last  value  will  be  greater  or  less  than  unity  according  as  Vi*  is 
greater  or  less  than ."   But  e  is  eccentricity  of  the  curve,  and 

« <  1 ) 

e  =  1  >  are  the  conditions  indicative  of  an  ellipse,  parabola,  or  hyperbola. 
e>l) 
The  orbit  is  therefore  an  ellipse,  parabola,  or  hyperbola,  according  as 

Vi^  <,  =,  or  > ^,  or,  as  expressed  by  Professor  Bartlett,  after  sub- 
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stituting  for  in  its  value,  multiplying  both  members  by  Mi  and  multiply 
ing  and  dividing  the  second  member  by  ri, 


,,  ^^^  y,^  L>K(M  +  MOMrri . 

AJ±l    \  I    — .  — , 


ri* 


jj^  y^,>  2 K (M  +  M,)M, r, . 


that  is,  according  as  the  living  force  of  the  primary  at  any  point  of  its 
orbit  is  less  than,  equal  to,  or  greater  than  twice  the  work  its  relative 
weight,  at  that  point,  would  perform  over  a  distance  equal  to  its  radius 
vector.  So  that  a  primary  may  describe  any  of  the  conic  sections  as  well 
as  the  ellipse,  the  only  condition  for  this  purpose  being  an  adequate 
value  for  its  velocity.^ 
Now,  since  the  attractiiig  force  varies  inversely  as  the  square  of  the 

distance,  the  acceleration  on  the  projectile,  or  Fi,  equals  ~-^~j  and  for  a 

point  of  the  orbit  at  which  n  is  the  radius  vector,  F  =  — .-. 

?  ri* 

Now,  suppose  a  point  on  the  earth's  surface — that  of  the  firer — as  that 
at  which  the  value  of  r  is  ri;  that  is  the  radius  of  the  earth  at  that  point. 
Vi  will  then  be  the  initial  velocity  of  the  projectile,  and  F  becomes  for 
this  particular  point  g,  the  force  of  gravity,  K  w  =  F  ri*  =  ^ri"  and 

The  conditions  above  expressed  then  become  Vi*  <,  =,  or  >  2  gri. 

Suppose  for  convenience  the  radius  of  the  earth  to  be  4,000  miles, 
as  it  is  nearly,  when  Vi»  <,  =  or  >  64.32  x  4000  x  6280^. 

If  Vi  therefore  be  less,  equal  to,  or  greater  than  36,857  feet  per  sec- 
ond, the  trajectory  will  be  an  ellipse,  parabola,  or  hyperbola.  As  such 
a  velocity  is  absolutely  inconceivable  lor  a  projectile  fired  from  a  gun,  it 
follows  that  in  all  causes  the  trajectory  is  an  ellipse.  This  discussion,  it 
will  be  remembered,  is  based  on  the  supposition  that  there  are  but  two 
bodies,  the  projectile  and  the  earth.  As  the  earth  itself  moves  around 
the  sun  the  trajectory  is  correspondingly  modified.  This  consideration, 
however,  applies  with  equal  force  to  the  method  by  which  it  has  always 
been  demonstrated  to  be  a  parabola.  In  addition,  the  latter  method 
has  necessitated  regarding  right  lines  drawn  from  different  points  of 
the  trajectory  to  the  earth's  center  as  parallel,  when  in  reality  they  are 
not  so,  and  this  lack  of  parallelism  is  considerable  if  the  range  be  one 
of  several  miles. 

Should  it  be  desired  to  find  the  particular  ellipse,  replace  e  in  equa- 
tions (3)  and  (4)  by  its  value    /^""J!!,  in  which  a  and  b  are  the  semi- 

v       a' 

transverse  and   conjugate  axes,  respectively,  and  there  will  result 

Substituting  gr^  for  K  wi,  equating  values  of  4  c*  and  solving  with 
respect  to  a,  we  have, 

2  gri  —  y i' 
that  is,  the  value  of  a  is  given  in  known  terms. 


i 
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To  find  the  semi-conjugate  axis,  we  have,  Bartlett,  page  202,  ft  =  Vi  Vi 

^    -  sin  e,  in  which  e  denotes  the  angle  made  by  the  orbit  or  its  tan- 
gent at  the  point  to  which  ri  is  drawn,  with  Vi. 

Substituting  for  K  w  its  value  gr^^  we  have  6  =  Viy  -  sin  e. 

If  the  axis  of  the  piece  be  horizontal,  e  will  be  90^,  Pig.  1 ;  but  if  the 
piece  be  fired  under  angle  I,  e  will  be  90o  ±  I,  Fig.  2,  sin  e  =  cos  I. 


ns.i. 


Hence  ft 


la 
Vi  y  -  cos  I  (6) ;  ft  is  therefore  fully  known. 


An  examination  of  the  values  of  a  and  ft  shows  that  the  greater  Yi 
the  greater  their  values,  since  the  denominators  become  smaller  and 
smaller,  while  the  numerators  remain  constant. 

If  in  the  values  of  a  and  ft,  Yi  be  0,  ft  =  0  5  tiiat  is,  the  projectile  falls 
to  the  center  of  the  earth. 

Substituting  in  equation  (1)  for  ^-  and  J^^  their  values  -  and 


V 


agn 


^  respectively,  we  have 


ft» 


a+  W  — ft*cos  (a  +  f) 

which  we  recognize  as  the  general  polar  equation  of  the  ellipse,  the  pole 
being  at  the  right-hand  focus.  As  it  is  proposed  in  what  follows  to  take 
the  pole  at  the  left-hand  focus  the  equation  should  be  written: 


r  = 


<*  —  yf  a^  —  ft*  cos  (a  +  <p) 


But  (a  +  <p)  is  the  angle  made  by  the  radius  vector  with  the  transverse 
axis.    To  find  this  angle  for  the  particular  value  Ti  of  the  radius  vector 
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substitute  ri  for  r  in*  the  above  equation  and  solve  with  respect  to  cos 
(a  +  f ).    We  then^have 

cos(a+y)=^^^^,--^-^V  (7) 

Substituting  for  a  and  b  their  values,  remembering  that  sin  e  =  cos  l' 
there  results 

gvi  —  Vi*  cos*  I  /ON 

If,  now,  the  elevation  I  and  the  initial  velocity  Vi  be  given,  the  direc- 
Hon  of  the  transverse  axis  with  respect  to  ri  is  fixed,  as  is  also  the  con- 
jugate, and  the  lengths  of  the  axes  are  known.  The  trajectory  is,  there- 
fore^ fully  determined  both  iasize  and  position. 

It  we  refer  the  curve  to  rectangular  co-ordinate  axes,  the  origin  being 
at  the  gun,  and  the  axis  of  X  horizontal  for  ranges,  as  is  customary, 
there  will  result  a  very  lengthy  equation  of  the  second  degree,  in- 
volving the  second  powers  of  X  and  y,  their  first  powers,  the  product 
of  their  first  powers,  and  an  absolute  term ;  an  equation  which  it  is 
it  is  inconvenient  to  discuss,  but  which  is  the  most  general  equation  of 
the  trajectory  in  vacuo  when  referred  to  the  rectangular  axes  mentioned. 

We  may,  however,  determine  the  range  in  the  following  manner : 

• 


cos  (a  +9)  =  rij~-r^h2  ^^^  sin  (a  +  ^p)  =  V 1  —  cos2(a  +  f ). 

-1 


»-i  V  a*  -  i* 

l^ut  a  =  o — ^\-ki  froni  which  2  agn  -  a  Vi* = gn^  and  2  ar^  -  n* 

a  V 

"XT  S 

=  ^1  ^^-coiT:^ 


6    /    ^         w        M    /^-cos^ 
V^a"^        '^v     ^s'l        Vtanl 
.%  sin  (a  +  f>)  = 


r^^a^^y  riVa«  — ft»     r,  Va»  — 6» 


But  tan  (a  +  9,)  ==«-^?J/L±-f!  ==— ^-  Substituting  for  V  its  value 
^  cos  (a  +  9)      avi  —  lr  ® 

^a      .  ^  ^^  ,x  X      /     .     X       Vi"cos*  I  tan  I      Vi'cos  I  siii  I ; 

Vi' -cos«  I,  there  results  tan  (a  +  9^)  =  ^^^-^^,^^,  1=-^— y^cos'I 

V '  sin  2 1 
or,  since  sin2  I  =  2co8l,  sin  I  tan  (a-f  )^  =  ^-^ ^—y,  ^     j  >  the  sec- 
ond member  of  which  equation  contains  only  known  quantities,  viz, 
the  initial  velocity,  the  angle  of  elevation,  and  the  radius  of  the  earth 
at  the  firer's  position. 
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The  range  as  measured  on  the  surface  of  the  earth  is  the  arc  AB, 
Fig.  3,  which  we  will  represent  by  X.    To  find  this  arc  we  have  tan 


(a+  ^)  as  just  determined,  whence  {a  +  f )  becomes  known.    If  now 
this  angle  be  doubled  we  shall  have  360^  :  2  (a  +  f ) : :  2  tt  ri :  X,  whence 


•ri{a+  <p) 
90O 


J 


orX  =  ^tan» 


Vi»  sin  2 1 

2  (^n  -  Vi=^  cos^  I) 


For  the  purpose  of  comparing  the  range  as  deduced  by  this  formula 
with  that  given  by  the  parabohc  equation  (Benton's  Ordnance  and  Gun- 
ii^ry*  pag©  397),  an  angle  of  elevation  of  45°  and  an  initial  velocity  of 
1,500  feet  per  second  were  assumed,  ri  and  g  being  taken  as  4,000  miles 
and  32.16  feet,  resi)ectively.  By  the  former  the  range  was  found  to  be 
23,434.6,  and  by  the  latter  23,320.1  yards,  a  difference  of  only  114.6  yards. 
The  maximum  range,  as  in  the  parabolic  equation,  is  given  by  an  angle 
of  45^,  tan  {a  +  ^)  being  greatest  for  this  value,  and  therefore  (a  +  f>), 
and  consequently  the  range. 

*  Read  the  arc  whose  tangent  is  „- ,     --  ^J'^ „  ,.^ . 

2  (gn  —  Vi«  COB*  I) 
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Showing  the  cut  of  coarse  and  bastard  brass  files,  lead-float,  finishing  second  cut 
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Plate  XII. 

Showing  the  cut  of  the  **  racer"  and  common  horse-rasps,  the  jig-rasp,  and  roller  file. 

Plate  XIII. 

Showing  figure  of  regular  and  slim  hand-saw  taper  file,  and  double-ender  haud-saw 
fil '  and  handle. 

Plate  XIV. 
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Plate  XV. 
Figures  of  bout  riftlers,  tlieir  sections  aud  hau'lles.     (NicUalson  File  Conipau}'.) 

Plate  XVI. 

Macliiuists'  scrapers,  kit  No.  1,  with  handles.     (Niciholson  File  Company.) 

Plate  XVII. 
File-hdlders  and  file-cleaners. 

Plate  XVIII. 

Nicholson  File  Con[ipany\s  Centennial  lile  card,  containing  the  various  kinds  aad 
sizes  of  tiles  and  rasps  made  by  that  company. 

Plate  XIX.  • 

The  figures  in  this  plate  are  copied  from  *'  Knight's  Mechanic  il  Dictionary." 

Fig.  1. — Sections  of  tiles  derived  from  the  sfpiare. 
Fig.  2, — Sections  of  files  derived  from  the  circle. 
Fig.  3. — Sections  of  files  derived  from  the  triangle. 
Fig.  4. — Plans  and  sections  of  files  of  various  shapes. 

Platp:  XX. 

Fig.  1. — Shows  the  appearance  of  the  courses  of  te-eth  on  the  file:  A,  teeth  with  large 
horizontal  obliquity;  B^  teeth  with  small  horizontal  obliquity  (in  the 
figure  the  teeth  are  incorrectly  shown  as  cut  sciuarely  across  the  blank  in- 
stead of  slightly  oblique). 

Pig.  2. — Shows  the  position  and  action  of  the  file-chisel  A  upon  the  file -blank  B. 

Fig.  3. — Enlarged  diagram,  showing  the  ett'ect  of  holding  the  chisel  perpendicular  to 
the  face  «»f  ihe  .blank. 

Fig.  4. — Enlarged  diagram,  showing  the  efl'ect  of  giving  too  great  an  inclination  of 
the  chisel  to  the  perpendicular,  thus  making  undercut  or  hooking  teeth. 
The  above  two  diagrams  also  show  rhe  effect  that  would  be  produced  by  grinding 

the  chisel  to  a  sharp  knife-edge,  thus  increasing  the  tendency  to  clog  or  **i)in." 

Fig.  5. — Enlarged  dfagram,  showing  ^he  eftect  of  blunting  the  edge  of  the  chisel,  so  as 
as  to  prevent  ^'clogging,''  without  impairing  the  tfhape  and  strength  of 
the  teeth. 

Fig.  6. — Enlarged  diagram,  showing  the  effect  of  using  a  chisel  so  much  rounded  or 
dulled  on  the  cutting  edge  that  it  fails  to  make  a  clear  cut  and  produces 
*'  caps"  on  the  tops  of  the  teeth. 

Fig.  7. — Diagram  of  a  filing  block  clamped  in  a  bench-vise,  showing  the  method  of 
filing  a  round  wire  grasped  by  a  hand-vise.  i 

Fig.  8. — Showing  a  file-carrier  in  which  the  tile  is  mounted  after  the  manner  of  a 
frame-saw. 

Plate  XXI. 

Fig.  1.— Card  &  Studley's  file  cutter. 

Fig.  2. — Rotherham  &  Holden's  file-cutting  machine. 

Plate  XXII. 

Fig.  1. — Reciprocating  filing-machine,  mounted  after  the  manner  of  a  jij;-saw. 
Fig.  2. — File-stripping  machine. 

Plate  XXIII. 

Fi(i.  1. — A,  end  elevation  of  file-cutter's  chisel;  B,  side  elevation  of  same  chisel. 

Figs.  2  to  13,  inclusive. — Show  side  elevations  of  a  series  of  file-cutter's  chisels. 

Fi(K   14. — Shows  side  elevation  of  a  chisirl  used  for  making  the  coarse  doable  cut  on 

one  side  of  horse-rasps. 
Figs.  15  to  17,  inclusive. — Sliow  side  elevations  of  punches  for  making  the  different 

J  M  grades  of  rasp-teeth. 

FiG.s.   IH  to  20,  inclusive. — Show  side  elevations  of  chisels  for  cutting  teeth  on  the 

circular  end  of  rotary  files. 


324         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Fig.  21  — Shows  side  elevation  of  a  chisel  used  for  cutting  oval  or  slightly  convex 
files. 

Fig.  22. — Shows  sule  elevation  of  a  chisel  used  for  cutting  teeth  on  concave  surfaces 
of  j:iws  of  pipe-cutter^s  bench- vise. 

Fk;.  23. — Shows  side  elevation  of  a  chisel  for  cutting  teeth  on  the  inside  surfaces  of 
the  jaws  of  hand-pliers. 

Figs.  24  and  25. — Show  end  elevation  of  a  chisel  used  for  cutting  coarse  floats  or 
files  for  use  upon  soft  metal. 

Fig.  26. — Shows  an  enlarged  view  of  the  maximum  angles  to  which  the  edges  of 
file-cutter's  chisels  are  gniund. 

Fig.  27. — Shows  an  enlarged  view  of  the  minimum  angles  to  which  the  edges  of  file- 
cutter's  chisels  are  ground. 

Fig.  28. — An  enlarged  diagram  of  the  circular  end  of  a  rotary  file,  showing  the  ar- 
rangement of  the  teeth:  A,  outer  circular  row  of  teeth  cut  with  chisel 
shown  in  Fig.  18 ;  B,  middle  circular  row  of  teeth  cut  with  chisel  shown 
in  Fig.  19 ;  C,  inner  circular  row  of  teeth  cut  with  chisel  shown  in  Fig.  20. 

Plate  XXIV. 

Fig.  1-. — Rear  elevation  of  file-outter's  hammer  without  handle,  used  at  National 
Armory. 

Figs.  2  to  6,  inclusive. — Side  elevations  of  file-cutter's  hammers,  with  their  corre- 
sponding weights,  used  at  National  Armory. 

Plate  XXV. 

Figs.  1  to  iJ,  and  5  and  6. — Side  elevations  of  file-cutter's  hammers,  with  their  corre- 
sponding weights,  used  at  National  Armory. 
Fig.  4. — Lancashire  file-cutter's  hammer  of  small  size,  used  at  National  Armory. 

Plate  XXVI. 

Fig.  1. — Isometrical  projection  of  file-cutter's  anvil  used  at  National  Armory,  show- 
ing file  in  position  for  cutting. 

Fig.  2. — Isometrical  projections  of  a  stripping-fi-arae  for  file-cutter's  use,  used  at 
National  Armory. 

Figs.  3  and  4. — Isometrical  projections  of  file-racks,  used  at  National  Armory. 

Fig.  5. — Isometrical  projection  of  oil-cui»  and  roller,  used  at  National  Armory. 

Plvte  XXVII. 

Fig.  1. — Front  elevation  of  furnace  ns'^d  for  heating  files  for  hardening. 

Fig.  2. — Section  of  furnace  and  pot  Ibr  containing  melted  lead,  used  for  heating  files 

for  hardening. 
Fig.  3. — Plan  of  fnrnace. 
Fig.  4. — Method  of  straitening  files. 
Fig.  5.— Method  of  straitening  files  after  they  have  become  cold. 

Plate  XXVIII. 

Fig.  1. — Shows  the  shape  of  the  file  desirable  for  a  concave  surface. 

Figs.  2  and  3  and  4. — Show  the  difficulty  experienced  in  filing  a  narrow  surface  flat. 
In  Fig.  2,  at  the  beginning  of  the  stroke  the  right  hand  having  a  greater 
leverage  than  the  left,  the  file  will  tend  to  assume  the  position  shown  in 
the  figure,  and  will  cut  more  ofi'  the  right-hand  edge  of  the  work.  In 
Fig.  3,  the  leverage  being  about  equal  at  the  two  ends  of  the  file,  it  will 
tend  to  assume  a  horizontal  position,  as  shown  in  the  figure.  This  repre- 
sents the  position  of  the  file  at  the  middle  of  the  stroke.  Fig.  4  represent* 
the  position  of  the  file  at  the  end  of  the  stroke ;  the  left  haiid  having  the 
greater  leverage,  the  file  tends  to  cut  more  from  the  left-hand  edge.  The 
efi'ect  of  these  three  positions  is  to  leave  the  work  rounding,  instead  of  flat^ 
and  the  work  will  pretsent  the  appearance  as  shown  in  C,  Fig.  4.  In  the 
three  diagrams  above  cited  the  positions  of  the  file  are  exaggerated, in 
order  to  show  the  rolling  action  of  the  file  as  exhibited  in  the  hands  of 
inexperienced  workmen. 

Fig.  5. — Shows  tlu^  method  of  filing  a  slot  in  a  spindle,  the  work  being  suspended 
ujion  the  centers  of  the  lathe,  in  onler  that  it  may  oscillate  so  as  to  com- 
)n.iisate  for  the  natural  swaying  or  rolling  motion  of  the  file  in  the  hands 
ol"  the  workman. 

Fig.  f).— Shows  the  method  of  proving  a  filed  beveled  edge  by  means  of  a  bevel  gauge 
with  a  movable  blade. 
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Fig.  7. — Shows  the  method  of  proving  a  filed  rear  end  of  a  receiver  for  Springfield 
rifle  with  flat  gauge : 

A.  Rear  end  of  receiver.  ' 

B.  Gauge. 

Fig.  8. — Shows  the  method  of  proving  the  depth  of  a  filed  slot  by  means  of  a  **depth- 
iug  gauge": 

A.  Work. 

B.  Gauge. 

Fig.  9. — Shows  gauge  and  method  of  proving  filed  hammer  for  Springfield  rifle: 

A.  Hammer. 

B.  Gauge. 

Plate  XXIX. 

Pi(t.  1. — Siiows  the  eflect  of  filing  a  concave  groove  with  a  file  having  lesw  curvature 
than  the  groove. 

Fig.  *2. — Shows  the  effect  of  filing  a  concave  groove  with  a  file  having  greater  curva- 
ture than  the  groove,  in  which  case  the  tile  only  touches  the  work  along 
one  element  of  the  grooved  surface,  instead  of  two,  as  shown  in  Fig.  1 ; 
therefore  the  method  as  shown  in  Fig.  1  is  preferable  until  the  work  is 
reduced  nearly  to  the  finished  size. 

Fkf.  3. — Shows  a  case  in  which  the  file  and  the  groove  have  the  same  curvature.  This 
would  be  the  easiest  and  quickest  method  of  filing  were  it  not  for  the  irreg- 
ularity of  the  teeth,  which  leave  ridges  in  the  work,  unless,  during  every 
stroke,  the  tile  is  rotated  by  twisting  the  wrist  to  and  fro.  In  these  three 
cases  the  axis  of  the  file  is  sensibly  parallel  to  the  axis  of  the  groove,  as 
shown  by  the  dotted  line  in  Fig.  4. 

FiQ.  5. — Shows  convex  work  in  which  the  file  may  be  applie<l  to  the  surface  parallel 
to  the  axis  as  shown  in  the  dotted  line  P  P,  or  transverse  to  this  axis  as 
shown  by  the  dotted  line  TT. 

Fig.  (5.  — Shows  the  general  method  of  filing  convex  work.  The  latter  is  fixed  obliquely 
in  the  vise,  and  the  file  first  used  transversely  for  a  few  strokes  at  an  incli- 
nation of  about  30^  to  the  horizontal  line,  as  shown  at  a,  so  as  nearly  to 
agree  with  the  straight  side  of  the  work.  The  succeeding  strokes  of  the 
file  would  be  directed  in  the  several  directions  from  a  to  c,  inclusively,  and 
then  tinished  by  a  series  of  rounding  strokes  swinging  over  the  whole  are 
ff  om  a  to  c.  The  position  of  the  work  is  then  changed  in  the  vise,  and  the 
opposite  side  is  filed  in  »  similar  niknner.  A  more  exact,  and  slower, 
method  would  be  to  file  parallel  to  the  axis,  and  do  the  rounding  by  the 
twist  of  the  wrist. 

Fig.  7. — Shows  a  short  rectangular  mortise  and  the  right-angled  triangular  templet 
A,  with  which  the  filing  is  proved. 

Fig.  8. — A.  A  cylindrical  steel  plug,  with  a  longitudinal  slot  in  one  side,  used  to  guide 
the  file  in  cutting  key  ways  in  the  axial  holes  of  wheels. 
B.  The  form  of  file  cut  only  on  one  edge,  to  be  used  in  connection  with  the 
the  cylindrical  plug  A,  for  tiling  key  ways  in  the  axial  holes  of  wheels. 

Fig.  9. — A.  Receiving  gauge  for  lock  plate  for  Springfield  rifle. 

B.  Lock  plate,  or  work  to  be  filed  to  fit  the  above-mentioned  gauge. 

Fig.  10. — Gauge  for  proving  the  tiled  dimensions  of  the  rear-sight  leaf  for  the  Rpring- 
field  rifle  ;  the  shaded  portion  represents  the  rear-sight  leaf  and  its  sections. 
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PAKT   I. 

FILES. 

Definition, 

A  file  is  a  steel  iustrninent  used  for  abrading  or  smoothing  surfaces. 
It  has  shaq)  raised  cutting  edges  or  teeth  upon  its  surface,  made  by  the 
indentations  of  a  eliisel.  It  is  a  tool  used  for  shaping,  smoothing,  or 
finishing  all  kinds  of  material  used  for  construction.  The  si/^e  and  shape 
of  the  file  are  determinc^d  by  its  intended  us(».  The  direction  and  num- 
ber of  the  cutting  edges  and  the  magnitude  and  distribution  of  the  teeth 
vary  **with  the  nature  of  the  material  and  the  degree  of  smoothness  of 
the  surface  which  the  file  is  recpiired  to  produce." 

*^The  forms  given  to  tiles,  as  well  as  their  shapes  and  sizes,  are  almost 
numberless.''  Most  tiles  are  **  tapered;''  the ''blunt"  are  nearly  paral- 
lel with  the  largest  section  near  the  middle;  a  few  are  parallel. 

ANTK^riTV   OF   THE  FILE. 

The  tile  appears  to  be  one  of  the  most  ancient  instruments  used  by 
man.  In  the  Bible  (I  Samuel,  xiii,  21)  is  found  the  following  reference 
to  files:  ''They  had  a  tile  for  the  mattocks,  and  for  the  coulters,  and  for 
the  forks,  and  for  the  axes,  and  to  sharpen  the  goads." 

There  are  also  cases  cited  where  savage  tribes  or  nations  have  em- 
ployed coral,  dried  sliark  skin,  and  stone  for  the  purjiose  of  abrading^ 
surfaces  aft<»r  the  manner  of  a  file; 

A  glance  at  the  synonymy  given  below  shows  a  remarkable  similarity 
in  the  terms  used  by  different  languages  to  express  the  word  "  file,"  and 
proves  that  this  instrument  has  been  in  geiu^ral  use  among  the  nations 
of  tUt*  old  world  for  centuric^s  past. 

syno>y:my. 

Greek Rinae. 

Hebrew P'tzeerah  or  Petsifah. 

Latin Lima. 

Italian La  lima. 

Spaninh La  lima. 
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FreDch T^a  lime. 

Chinook  jargon La-leem  (from  the  Freuch  la  lime). 

PoUkIi Pilnik(?). 

Icelandic Thiol. 

Daninh   Fll. 

Swedish Fil. 

Dutch Vyl. 

Old  High  German Fila. 

High  German Vile. 

New  High  German Feile,  /. 

Anglo-Saxon Feol. 

English File. 

CLASSIFICATION. 

Files  have  three  distinguishing  features:  their  size,  their  cut,  and 
their  kind  or  name. 

It  is  very  difficult  to  give  a  satisfactory  classification,  since  arbitrary 
rules  are  followed  in  different  localities,  and  even  in  different  shops  in 
the  same  locality.  Again,  the  several  trades  have  imposed,  in  many 
cases,  their  ow  n  peculiar  nomenclature.  The  following  has  been  adopted 
as  the  best  method  that  could  be  devised  at  the  present  time,  and  fol- 
lows Knight's  tables  as  closely  as  possible: 

I.  Size.  , 

XT  f^  f  W-  Charaeter  of  teeth. 

^^-  ^"^ \2.  Fineness  of  cut. 

III.  Shape. 

IV.  Peculiarities  of  form  not  shown  in  section. 
V.  Purpose. 


Kiles  are  graded  hy  thefir 


I.— Size. 

The  lengths  of  files  vary  from  three-quarters  of  an  inch  (watchmaker's) 
to  two  or  three  feet  (engineer's). 

5  1.  Heel. 
The  file  is  composed  of {  *'   ^*"^  """-^ \  2.  Point. 


S  1.  The  body.. 
(  ±  The  tang.  • 


The  body  comprises  the  cutting  portion  of  the  instrument,  and  has  its 
extremities  designated  by  the  terms  heel  and  point.  The  heel  is  that 
part  of  the  file  adjoining  the  tang.  The  point  is  the  opposite  end  of  the 
file  farthest  from  the  tang. 

In  speaking  of  the  length  of  a  file  it  is  always  understood  that  it  is 
the  length  of  the  body  that  is  meant,  except  in  cases  of  some  rasps  and 
double-ender  files  that  have  no  tangs,  when  the  total  length  is  the  one 


given. 


The  tang  is  the  spike-shaped  projection  on  the  rear  end  of  the  file 
fitted  for  insertion  in  the  handle.  Its  size  and  shape  is  proportional  to 
the  dimensions  of  the  tile  and  the  kind  of  work  to  be  performed.  The 
lengths  of  files  appear  to  bear  no  fixed  relation  to  either  their  width  or 
thickness,  even  when  of  the  same  kind. 

II.— The  Cut. 

f  1.  Single  cut  or  float — having  but  one  row  of  teeth. 
1     Pharu-fornf  t«i»t]i     J  '^-  l^ouble  cut— having  two  8et,s  of  teeth  crossing  obliquely. 
1.  cnar.ictt  roi  retni..  <j  .^    Rasp— having  detached  teeth  made  by  a  punch  instead  of 

I,  a  chisel. 

1.  Rcmgh  cnt. 

2.  Middle  cut  {coarse  of  Nicholson). 

,.   Fineness  of  teeth...  I  •^:B-X„t. 

5.  Smooth, 
f).  Superfine  or  dead-smooth. 
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3.  Approximate  number  of  cuts  in  an  inch  of  length  of  files. 

(Knight.) 


FinencHd  of  cut. 

Hough 

Bastatfl 

Siuootli 

4  inch  f  9. 

56 

76 

112 

216 

6 

Length  of  files  in  inches. 

inchetf,  8  inches.  12inche9,16i7iehe4. 
52              44              40               28 
64               56               48               44 
83  1            72  .            72              64 

144  !          112  '            88              76 

1                 1 

20  inche». 
21 
34 
56 

Superflne  or  dend-Binooth 

64 

' 

4.  General  dp:scription. 
1.  Character  of  teeth. 

1.  /Single  cut, — (Plate  VII.) — In  sin^leciit  files  the  blanks  have  a 
single  course  of  chisel  cuts  a<5ross  their  surfaces  parallel  to  each  other. 
These  parallel  cuttinjr  edpres  nmke  an  angle  of  from  5^  to  20^,  in  differ- 
ent files,  with  a  horizontal  line  perpendicular  to  the  longer  axis  of  the 
file.     In  this  class  the  cutting  edges  are  unbroken. 

2.  Dotiblecut — (Plate  Vlll.) — These  files  have  two  courses  of  chisel 
cuts  crossing  each  other  at  an  angle.  The  first  course  is  calkMl  the  over- 
cut  and  its  indentations  make  an  angle  varying  from  35^  to  55°  with  the 
horizontal  lines  perpendicular  to  the  axis.  The  second  course  crosses 
the  first  and  is  generally  finer  than  that  course.  It  is  called  the  up  cut 
(or  sometimes  the  top-cut  or  cross-cut),  and  makes  an  angle  varying 
from  30  to  150  with  the  perpendicular  lines  above  mentioned.  The  effect 
of  these  two  courses  of  chisel-marks  is  to  cover  the  surface  of  the  file 
with  teeth  which  im^line  toward  the  front  or  point.  These  teeth  are 
diamond  or  lozenge  shaped  and  act  as  small  planing  tools  when  pushed 
over  a  hard  surface.  *'  The  double  cut  is  applied  to  most  of  the  files  used 
by  the  machinist,  and  in  fact  to  much  the  larger  variety  in  general  use." 

3.  Ra»p  cut, — (Plate  X.) — See  infra j  under  '^Kasps." 

2.  Fineness  of  cut, 
(Plates  T,  YII,  Till,  and  X.) 

1.  For  single-cut  files. — For  these  files  tlie  gradations  of  coarseness  are 
made  known  by  the  application  of  the  terms  rough^  coarse  or  middle  cuty 
bastardy  second  cut,  and  smooth. 

The  rough  and  coarse  or  middle  cut  are  applied  to  files  desigueil  for  use 
upo!i  soft  metAls — lead,  pewter,  &c.,  and  upcm  wood.  Bastard  and  sec- 
ond cut  are  used  on  files  intended  for  sharpening  the  thin  edges  of  saw- 
teeth, which  are  very  destructive  to  the  delicate  teeth  of  double-cut 
files.  The  smooth  is  applied  to  round  and  the  backs  of  hnlf  round  files, 
rarely  to  others. 

2.  For  double  cut  files. — For  these  the  degree  of  coai-seuess  is  desig- 
nated by  the  t4»rms  coarse  or  middle  cut,  bastard,  second  cut,  smooth, 
and  dead-smooth.  The  double  cut  is  used  upon  the  majority  of  ma- 
chinist's and  gunmaker's  tiles  and  the  greater  part  of  those  in  general 
use.  The  dead-smooth  double-cut  files  are  very  similar  to  the  smooth^ 
except  that  they  are  much  finer. 

-i.  For  rasp  cut. — The  grades  of  cut  used  for  rasps  are  coarse  or  mid- 
dle cut,  bastard,  second  cut,  and  smooth.  For  further  particulars,  see 
'*liasps.'' 


REiORT   OF   THE    CHIEF    OF    ORDNANCE. 


329 


5.  Grades  or  cuts  of  leading  regular  files. 

Below  will  be  found  the  nuiiiber  of  cuts  to  the  inch  iu  standard  files  as 
given  by  Mr.  James  1).  Foot,  Kew  York.  Mr.  Foot  says:  "As  a  matter 
of  convenience  the  grade  of  the  tooth  is  given  by  counting  only  one  of 
the  cuts  of  the  file,  and  we  take  for  this  the  'over-cut'  or  first  cut.'' 
The  number  of  teetli  given  are  those  corresponding  to  the  running  inch 
(of  length),  except  the  wood  rasp  and  cabinet  rasj),  whose  isolated  teeth 
arc  i>unched  or  raised,  in  which  cases  the  exact  number  of  t^eth  to  the 
square  inch  is  given.  In  describing  the  several  grades  of  cuts  Mr.  Foot 
takes  as  his  standard  his  12-inch  tile,  using  an  inch  section  from  the 
middle  of  the  file. 

FILES. 


—  ij 

T.2  ; 

Kind  of  cut.  ^     'S  'S  Iteniark^. 

;:  i^ 

Roujfh 22 

Bastanl 32  . 

St'i'oud  cut 44 

Smooth  cut 68 

Dead  smooth 120 

Mill,  bantard 36     A  series  of  diagonal  toeth. 

Mill,  second  cut 44  ,  do. 

Taper  Haw,  single  cut,  second  cut !  50  do. 


15  ASPS. 


Kind. 


Cut. 


"Wootl  rasps , Bastard... 

Cabinet  rasps Siuooth 

Do Second  cut. 


o  e 


Ilcuiarks. 


105     Punched  teeth. 
300  do. 

168  do. 
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1.  S«iiiarc  art*  ^ 


barrel- 


Shape 
derived 
Iroin  the 


III. — SlIAPi?, 

(Plate  XIX.) 

c?  ill      ^  1.  Parallel.  >  .         ..  ...       r     •  i 

a.  Niuare  tile.  {  .»    r,,  ,,^  ,.       N^oinetimes  with  safe  side. 

i  ^'    1  apei .       ^ 

,  S  1.  C'utfer  file,  wlien  lar^e. 

* \*Z.  VeiM^e  or  pivot  (i!e,  when  small. 

,^,   .   /.I  S  \.  P«»ttaiice  tile,  when  siiiall. 

c.  i-iat  nie  -    -  ;^  g    Pillar  file,  when  narrow. 

r  1.  Eqnaliu^,  eloek-pinion,  orcndlerts-screw 
,  I  file,  when  parallel. 

\'Z.  Slittinjj,  entering,  wardinjx,  <»r 

i  hole  file,  when  taper. 

c.   \  ^  \.  Shonhlerin^  file,  (r  P^rench  pivot  tile. 

/.  ^ ^2.  Parallel  V  tile. 

g Nail  tile  for  finger-nails. 

.  S  1.  Pointintj  niill-naw  file. 

" \±  Konnd-edge  tile. 

'  / Konnd.  i;nlleting,  rat-tail  file. 

A- Fiani(.-8aw  Bio . ^  f-^^'y'^  ^u" 

I Half-roun.t  «le .  i  K'*^'^^'"«,H"^,- 

(  Konnd-oli  hie. 

o    r^:....i    n^«     >  "* Cross  file :  double  hall-round  file. 

^  li Oval  tile. 

0 Balance-wheel  or  swinj^-wheel  tile,  cut 

on  eon  vex  side  only. 

p Swap'd  file,  forrtnishin<rl)ras8inoldiii;i:^. 

q Curvilinear  tile. 

r Trianjjular,  three-square,  or  j^aw  file. 

» Cant  file,  for  lilinji  inside  angles  of  V2{)\ 

(  1.   BankiuiT   or    watch-pinion    tile,    wlien 

/ <  parallel. 

(  2.   Knife-edge  file,  when  taper. 

u Screw-head,  feather-edge,  slitting  file. 

w Valve  file. 

X Triangular  and  half-round  file. 

y Double  or  checking  file,  for  gunamitlis. 

^z Double  or  p(;ucil-sharpening  file. 

IV. — PECCLIAKITIES   of   FORM  NOT   SHOWN   BY   J^ECTION. 


\\.  Triangular  j 


J*ecu!iarities  of  form  ur)t  shown  by  section. 


'  1.  Taper;  thinner  toward  the  point. 

2.  Parallel ;      the       same      dimensions 

throughout  the  length. 

3.  Blunt;   a  grade   between   taper   and 

parallel. 


V. — Pi  RPOSE. 

Files  are  sometimes  classed  according?  to  the  purposes  for  which  tbey 
are  used,  as  mill  files,  haud-saw  files,  &c. ;  or  the  trade  by  which  em- 
ployed, as  watchmaker's,  gunsmith's,  machinist's,  engineer's,  cabinet- 
maker's, combmaker's,  scul[)tor's  files,  &c.  Some  of  the  files  most  com- 
monly used  are  here  enumerated. 

For  (convenience  the  files  are  grouped  in  classes,  according  to  the 
character  of  their  cross- sect  ions. 

1. —  With  cross  sections  derived  from  the  square, 

(Plates  I,  II,  and  VI.) 

3////  files. — Used  for  sharpening  mill  saws,  mowing-machine  knives, 
and  plows;  in  machine  8ho[)s,  for  lathe  work,  drawfiling,  and  finishing 
brass  or  bronze  castings. 
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Mill  blunt — (Equaling^,  of  some  makers). — Used  in  machine  sliops  and 
for  tiling  narrow  mortises. 

Flat  files, — For  general  use. 

Flat  equaling, — Used  for  liuislung  broad  mortises,  as  in  pitman  heads 
to  prepare  for  g\h  and  key. 

Hand. — Finishing  flat  surfaces,  used  by  machinists  and  engineers ; 
has  one  safe  edge. 

Hand  equaling. — For  same  purpose  as  fiat  equaling. 

Pillar, — Usoi  to  finish  narrow  work  and  on  some  classes  of  gun  work. 

Slotting  file, — Filing  grooves  for  cotters,  keys,  or  wedges. 

Cotter  taper, — Special  work — rarely  called  for.  ^ 

Cotter  equaling, — For  same  purposes  as  flat-equaling  files  and  slotting 
files — seldom  called  for. 

Square, — General  uses;  for  enlarging  rectangular  or  square  aper- 
tures. 

Square  blunt. — Used  by  engine  builders,  in  railroad  shops,  and  ship- 
yards for  rough  work  in  finishing  and  eidarging  mortises,  keyways,  or 
splines  when  of  considerable  length. 

Square  equaling, — For  the  nicer  work  in  finishing  keyways,  splines,  &c. 

Warding  files, — Used  by  locksmiths  in  filing  ward  notches  in  keys, 
also  l)y  Jewelers  and  machinists. 

^yarding  blunt, — For  same  purposes  a^s  warding  taper^  and  by  specific 
tra<les. 

Warding^  round-edge,  or  drill  files, — For  enlarging  or  rounding  the 
bottoms  of  slots  where  the  round  file  would  be  too  frail ;  for  filing  twist 
drills,  and  other  similar  i)urposes. 

• 

2. —  With  cross  sections  derived  from  the  circle, 
(Plates  I,  II,  and  IX.) 

Round  files. — For  enlarging  round  holes  and  finishing  "filled  in"  an- 
gles. 

Round  blunt, — For  heavy  work  in  ship-yards,  railroad  shops,  engine 
building,  and  bridge  building. 

Gulleiing  file. — Extending  the  gullets  of  teeth  in  the  gullet-tooth  or 
briar- tooth  saws. 

Half-round  files, — In  general  use. 

Half-round  wood  file, — Used  by  wood  workers  generally,  and  on  coarse 
brass  work. 

Hook  tooth  file, — Sharpening  the  teeth  of  "hook-tooth  saws.*" 

Pit  saw  file,  frame-saw  file, — In  filing  the  teeth  of  pit  or  frame  saws. 

High-back  files, — For  special  puri)oses  in  place  of  half-round  or  round 
files. 

Cabinet  files, — Used  by  cabinet,  saddle-tree,  pattern,  and  last  makers^ 
gua-stockers,  and  wood- workers  generally. 

^3. —  With  cross-sections  derived  from  the  triangle. 

(Plates  I,  II,  and  IX.) 

• 

Three-square  files, — Used  in  rolling  mills  and  machine  shops,  and  for 
filing  internal  angles  less  than  a  right  angle ;  for  cleaning  out  square 
corners,  filing  up  tai)s,  cutters,  &c. 

Three  square  blunts. — In  macliine  shops,  for  filing  up  milling  machines 
aiid  cutters  for  metals. 
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Hand  saw  tapet\  siagU  cut. — For  sharpening  liaiid  saws.  A  file  of  the 
most  j^eueral  hoiisehohl  and  workjshop  distribution. 

llani-naw  tapevj  double  cut — Filin<?  fine-teethed  hand  and  back  saw^, 
and  the  hard  "hack-saws"  of  metal  workers. 

Hand -saw  blunt. — Not  in  general  use. 

Hand-saw  blunt, — Used  for  filing  the  teeth  of  baud-saws. 

Cant  files, — For  filing  the  inner  angles  of  spanuers  or  wrenches  for 
hexagon  bolt  heads  ancl  nuts. 

Lightning  files. — For  filing  ''lightning  saws"  and  the  M  shaped  teeth 
of  crosscut  saws. 

Knife  files. — U«ed  in  filing  the  inner  angles  of  sear  aud  main  springs 
on  irun-work*and  similar  shapes. 

Knife  blunts. — For  finishing  the  teeth  of  small-gear  wheel  patt«rn«», 
for  bi'velmg  the  sides  of  narrow  grooves,  enlarging  slots  in  screw- 
hen  ds,  &c. 

Gin-sau:  files. — For  filing  the  teeth  of  saws  used  in  cottcm-gins. 

4. — Miscellaneous  files. 
(Plates  I,  II,  and  IX.) 

Cross  files. — Used  where  two  different  curvatures  are  recpiired. 

Feather-edge  files^  curry  comb  files. — Little  used  by  the  general  me- 
chanic. Formerly  used  for  filing  feather  s[)rings  or  sear  springs  of 
gun-locks,  and  for  teeth  of  curry-combs ;  but  few  now  made ;  have  been 
superseded  by  the  knife  tile. 

Reaper  files. — For  shari)ening  the  knives  of  reaping  and  mowing 
machines. 

Tumbler  files. — Formerly  used  for  filing  tumblers  for  gun-locks — rarely 
called  for  now. 

Jjcad  float — (Nicholson  File  Company). — For  filing  lead;  used  by 
plumbers  aiul  workers  in  lead,  pewter,  and  soft  metals,  and  to  some 
extent  for  bone,  ivory,  and  horn  work. 

Hrass  coarse — {Nicholson  File.  Company). — For  very  rough  work  on 
softer  metals ;  on  brass  and  bronze  castings  and  ends  of  brass  rods ; 
also  used  on  wood  work. 

Brass  bastard — (Xicholson  File  Company). — For  finishing  brass^ 
bronze,  copper,  and  the  softer  metals. 

Finishing  second  cut — (Nicholson  File  Company). — Light  finishing  on 
steel  or  iron,  on  large  surfaces. 

Slim  handsaw  taper — (Nicholson  File  Company). — To  replace  handsaw 
files  ;  it  is  longer  and  has  nu)re  sweep. 

Double-ender  hand-saw — (Nicholson  File  Company). — A  substitute .  for 
the  hand-saw  file. 

Roller  file. — In  filing  the  flutes  of  feed-rollers  in  cotton  spinning 
ma<'.hinery. 

KoTE. — For  general  description  of  files,  rasps,  and  terms  used,  see 
"Glossarial  Description." 


MANUFACTURE  OF  FILES. 

I. — Material. 

The  nuiterial  generally  used  for  files  is  cast-steel.    Blister-steel  is 
•occasionally  used  for  the  larger  and  rougher  varieties  of  files.    Files 
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should  be  and  are  usually  made  of  the  best  material,  and  great  care 
should  be  taken  to  select  steel  that  is  uniformly  and  highly  converted. 
Files  of  peculiar  shapes  for  certain  purposes,  as  for  sculptors,  are  some- 
times made  of  good  wrought  inm  and  case-hardened.  The  cast-steel 
generally  employed  is  known  as  ^'crucible  steel,-' in  contradistinction 
to  "Siemens-Martiy"  or  *' Bessemer"  steel,  and  until  within  a  short 
time  was  imported  almost  exclusively  from  Sheffield,  England.  Amer- 
ican steel  is  now  being  used  in  this  country,  and  it  is  said  to  be  of  as 
good  quality  and  as  uniform  as  the  English.  Mr.  Nicholson  says  "that 
our  (Nicholson  File  Company's)  experience  and  tests  have  demonstrated 
that  the  American  steel,  as  "a  rule,  contains  a  better  quality  of  material 
than  we  formerly  obtained  in  the  English."  Steel  for  files  is  drawn  out 
in  bars  of  from  8  feet  to  12  feet  in  length,  having  as  nearly  as  possible 
the  requisite  cross-section  both  as  regards  size  and  shape.  From  these 
bars  are  cut  the  proper  lengths  for  file  blanks. 

11. — File  bla^nk^j. 

Whether  the  files  be  cut  by  hand  or  by  machine,  the  steel  must  first 
be  formed  into  proper  shape  for  the  operation  of  cutting.  In  order  to 
secure  good  results,  great  care  must  be  exercised  in  the  preparatory 
operations,  as  the  steel  may  be  so  injured  or  the  shapes  so  irregular 
that  after  cutting  and  hardening  the  files  will  be  found  to  be  of  inferior 
quality  or  else  unfit  for  use. 

The  i)reliminary  operations  are  four  (4)  in  number,  viz: 

1.  Forging. 

2.  Annealing. 
.   3.  Grinding, 

4.  Draw-filing. 
After  x)assing  through  the  several  i^rocesses  the  roughly-formed  files 
are  known  as  "file  blanks."     The  blanks  are  divided  into  classes^ 
depending  upon  tlie  stage  of  preparation,  as  follows : 

1.  Black  blanks. 

2.  Gray  blanks. 

3.  Bright  blanks. 

The  first  class  indicates  the  forged  stage,  the  second  the  annealed,  and 
the  third  the  ground  stage.  It  has  been  the  custom  of  centuries  to  form 
these  blanks  by  hand,  but  latterly  the  aid  of  machinery  has  been  suc- 
cessfully sought.  No  doubt  the  i)rejudi(5e  of  trades'  unionism  has  been 
largely  responsible  for  the  slow  advancement  in  the  art  of  preparing 
blanks.  The  prepared  blanks  are  often  sold  to  the  »mall  makers,  who 
have  few  or  no  facilities  for  their  rapid  and  economical  production. 

III.— -Preparing  the  file  blanks. 

1.  Forging. — The  blanks  are  forged  from  bars  that  have  been  careftilly 
prepared  by  tilting  or  rolling  the  bar  as  near  to  the  required  section  as 
practicable.  Dies  or  formers  may  be  used  with  advantage  in  forging. 
The  forger  should  work  the  metal  at  as  low  a  temperature  as  possible, 
not  above  a  blood-red  heat.  Extra  care  sliould  be  taken  to  procure  good 
fuel.  Coke  made  from  coal  free  from  traces  of  sulphur  is  generally 
employed.  Greater  uniformity  in  the  shape  of  the  point  and  body  is 
obtained  when  the  forging  is  done  by  machinery,  and  the  steel  is  less 
liable  to  be  injured  than  in  the  slow  and  tedious  hand  process.  One 
great  advantage  claimed  for  power  forging  is  the  great  uniformity 
secured  in  the  shape  of  the  tangs,  thus  enabling  the  consumer  to  make 
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a  considerable  savin*?  in  handles.  The  junction  of  the  tang  and  body 
slioul<l  be  curved  surfaces  instead  of  sbarj),  angular  corners,  as  then 
the  files  a^^e  less  liable  to  be  weakened  by  lire-cracks  or  "checks,"  and 
are  less  apt  to  be  broken.  The  tangs  should  be  so  made  tliat  the  handles 
may  be  readily  interchangeable  in  the  case  of  files  of  about  the  same 
sizi*  an<l  weight. 

2.  Annealing. — After  forging,  the  file  blanks  are  very  carefully  an- 
nealed by  being  first  packed  in  dry  sand  in  iron  boxes  or  retorts,  when 
the  lids  are  luted  down  with  fire-clay  to  prevent  the  access  of  air,  after 
whi<'h  they  are  placed  in  the  annealing  oven,  where  the  heat  is  gradu- 
ally increa6e<i  until  the  retorts  assume  a  cherry-red  color.  The  retorts 
are  then  removed  from  the  oven  and  allowed  to  cool  slowly  before 
unpacking.  Cheap  grades  of  tiles  are  annealed  in  onlinary  annealing 
ovens  without  packing,  which  exposes  them  more  or  less  to  the  action 
of  the  air.  The  operation  of  annealing  is  of  vital  importance,  since  tlie 
forger  usually  throws  the  blanks  while  hot  upon  the  earthen  floor  of  the 
sho])  where  they  are  exposed  to  the  varying  currents  of  air,  and  cool 
unecpmlly,  thus  giving  them  an  uneven  temper.  Careless  annealing 
alfects  the  quality  of  the  hardened  file  and  has  its  influence  upon  the 
operations  of  cutting  and  grinding.  Ditterent  makers  have  diflterent 
methods  of  constructing  their  ovens,  especially  in  cases  where  the 
blanks  are  piled  in  quantities  in  the  oven  without  being  packed  in 
retorts;  the  object  in  all  cases  being  to  obtain  uniformity  of  heating 
throughout  the  mass  of  blanks.  After  cooling  the  blanks  are  straight- 
ened or  "smithed"  by  means  of  a  hand-hammer,  when  they  are  ready 
for  grinding. 

3.  Grinding, — When  straightened,  the  blanks  are  rendered  clean  and 
accurate  in  form  by  means  of  grinding.  Filing  wa^s  formerly  employed 
to  reduce  the  blanks  to  size  and  to  remove  the  scale  left  from  the  forg- 
ing and  annealing  processes,  but  latterly  grindstones  have  come  into 
general  use  for  this  purpose,  whereby  the  work  is  more  expeditiously 
and  cheaply  performed.  The  grinding  is  generally  performed  by  haud, 
though  machinery  is  gradually  coming  into  use  for  this  purpose,  except 
for  the  smaller-sized  and  irregular  shaped  flle3,  which  are  always  ground 
by  hand.  For  some  of  the  coarser  files  the  blanks  are  slightly  greased 
after  gnnding,  when  they  are  ready  for  cutting. 

4t  Draw-filing, — Though  the  process  of  grinding  may  leave  the  surface 
apparently  true  as  far  as  the  eye  is  able  to  discover,  it  will  be  found  that 
the  surfaces  are  marred  by  slight  irregularities.  The  operation  of  draw- 
filing,  or  "stripping,"  as  it  is  termed  by  file-cutters,  is  resorted  to  for  the 
purpose  of  correcting  these  slight  irregularities.  If  this  is  not  done  the 
irregularities  are  multiplied  in  the  points  of  the  teeth,  which  will  greatly 
impair  the  efficiency  of  the  file.  The  blanks  for  the  fine-cut  files  should 
be  very  carefully  draw-filed  in  order  to  produce  as  perfect  a  surface  as 
possible.  Mr.  Nicholson  claims  that  this  laborious  operation  is  often 
**  slighted  by  the  workmen  at  the  expense  of  the  quality  of  the  file." 
He  uses  machinery  for  "stripping,"  and  claims  much  greater  accuracy 
than  can  be  obtained  by  manual  labor.  After  draw-filing,  the  blanks 
are  slightly  greased  before  being  sent  to  the  cutters. 

1V.~FILE  GUTTINa. 

Before  passing  to  the  consideration  of  file  cutting,  either  by  hand  or 
by  machinery,  it  will  not  be  amiss  to  say  something  in  regard  to  the 
formation  and  arrangement  of  the  teeth  of  files.  The  examination  of 
the  extremely  small  points  which  form  the  teeth  is  attended  with  no 
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little  difficulty  eveu  where  the  eye  is  aided  by  a  powerful  glass.  There 
can  be  no  doubt  but  that  the  form  of  the  teeth  varies,  and  that  this  varia- 
tion, together  with  the  arrangemeut  and  grouping  of  tbe  teeth,  consti- 
tutes an  important  element  in  determining  the  eflBciency  of  the  file. 
Teeth  of  files  are  formed  by  chisel  cut^  or  indentations  that  force  the 
metal  above  the  plane  surfiue  of  the  blank.  The  shape  and  height  ot 
the  teeth  depend  upon — 

1st.  The  force  of  the  blow  ui)on  the  chisel. 

2d.  The  inclination  of  the  chisel  to  the  plane  of  the  blank. 

3d.  The  angles  made  by  the  cutting  faces  of  the  chisel. 

The  first  affects  the  height  of  the  tooth,  the  second  its  shape.  If  the 
inclination  of  the  chisel  to  the  plane  of  the  blank  be  90°,  or  tlie  chisel 
be  held  vertically,  the  faces  of  the  indentation  will  form  the  two  sides 
of  an  isosceles  triangle,  as  shown  in  Fig.  3,  Plate  XX. 

If  the  inclination  be  too  great  the  (!utting  face  of  the  tooth  will  be 
undercut  or  "hooking,-'  as  represented  in  Fig.  4,  Plate  XX. 

It  is  evident  that  any  intermediate  angle  of  inclination  of  the  cutting 
face  may  be  obtained  by  simply  varying  the  inclination  of  the  chisel 
between  these  two  extremes.  Similar  changes  may  be  produced  by  chang- 
ing the  angle  of  thefac4es  which  form  the  edge  of  the  chisel  by  grinding. 
8ome  hand-cutters  have  claimed  that  the  different  angles  of  the  faces 
of  the  teeth  were  caused  by  the  "peculiar  movement  given  to  the  chisel" 
at  the  instant  of  striking  the  blow  with  the  hammer,  and  by  a  "curved 
or  drawing  blow,"  but  a  moment's  thought  will  render  it  apparent  that 
these  are  the  results  of  well-known  mechanical  laws.  It  is  also  claimed 
by  some  that  a  good  tooth  can  only  be  j)roduced  by  a  chisel  ground  to  a 
sharp  knife-edge,  but  they  seem  to  forget  that  it  is  the  top  of  the  tooth, 
not  the  bottom^  that  does  the  cutting.  When  the  proper  shape  of  the 
top  of  the  tooth  has  been  secured,  the  base  and  bottom  of  the  indenta- 
tion she  uld  be  constructed  with  a  view  to  obtain  the  necessary  strength 
of  tooth  and  the  proper  clearance.  The  latter  is  of  special  importance 
in  order  to  i^revent  "pinning,"  which  is  the  cause  of  a  great  deal  of 
trouble  and  annoyance  to  the  workman  on  account  of  the  "channeling" 
or  "grooving"  produced  thereby,  especially  when  the  finer  files  are 
used.  The  principal  cause  of  "pinning"  is  the  acuteness  of  the  angle 
forming  the  bottom  of  thechisel-cut  which  permits  the  abraded  particles 
•of  the  material,  or  filings,  to  wedge  in  the  tooth  so  tightly  that  it  is 
often  difficult  to  remove  them.  •This  effect  can  be  partially  avoided  by 
slightly  blunting  the  cutting  edge  of  the  chisel,  provided  the  form  of  the 
tooth  be  not  impaired.  The  edge  of  a  chisel  to  produce  such  an  effect 
is  shown  in  Fig.  5,  Plate  XX. 

The  edge  of  the  face  that  makes  the  cutting  face  of  the  tooth  is  made 
sharp  to  give  a  keen  point  to  the  tooth.  This  form  of  chisel  will  largely 
obviate  the  tendency  to  "pin,"  and  will  not  destroy  the  general  shape  of 
the  tooth.  This  form  of  chisel-edge  is,  however,  somewhat  difficult  to 
use  by  the  hand  cutter,  but  in  machine  cutting  it  apparently  presents  no 
special  difficulty.  When  the  chisel  get§  dull  or  rounded  by  use  it  will 
not  make  a  clear  cut,  but  will  round  the  face  slightly,  producing  what 
are  called  "caps"  to  the  top  of  the  teeth.  This  effect  is  shown  in  Fig.  6, 
Plate  XX. 

This  effect  will  appear  in  both  machine  and  hand  cuttiufj,  and  is  more 
frecpiently  seen  in  the  coarser  cuts.  It  can  only  be  avoided  by  proper 
care  of  the  chisels.  These  "caps"  are  very  small  and  naturally  crumble 
or  break  off'  the  first  time  the  file  is  used,  so  they  do  not  necessarily 
render  the  file  useless. 

Figs.  3,  4,  5,  and  6,  Plate  XX,  are  of  couise  highly  magnified,  in  order 
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to  show  more  clearly  the  shape  and  an^las  of  the  teetli.  The  faces  of 
the  teeth  of  fine  files  generally  slope  hark  from  the  perpendicular  from 
2°  to  t")^,  and  on  the  coarse  grade  of  files  from  5^  to  10^.  Were  this  not 
so  it  would  be  almost  impassible  to  keep  the  filings  from  wedging  into 
the  spaces  between  the  teeth,  or  "pinning." 

1.  Cuttimj  by  hand, — When  ready  for  cirtting  the  blanks  are  carried 
to  the  operator,  who  is  seated  with  a  square  stake  or  anvil  in  front  of 
him.  He  places  the  slightly  greased  blank  upon  the  anvil  with  the 
shank  or  tang  pointing  toward  him,  where  it  is  held  by  two  leathern 
straps  passed  over  its  ends  apd  held  fast  below  by  the  foot  after  the 
manner  of  a  stirrup.  In  his  left  hand  is  held  a  short  cold-chisel  whose 
edge  is  straight  and  always  exceeds  in  length  the  width  of  the  file  blank. 
His  right  hand  wields  the  peculiarly  shaped  hammer  used  for  this  pur- 
pose. Be  places  the  chisel  on  the  blank  near  the  point,  inclining  it 
slightly  from  him  with  the  edge  making  the  proper  angle  with  the 
middle  line  or  axis  of  the  blank.  He  strikes  the  chisel  a  sharp  blow 
with  the  hammer,  Avhich  makes  an  indentation  and  throws  up  a  slight 
ridge  of  steel  on  the  side  next  the  tang.  The  chisel  is  then  removed  to 
the  uncut  surface  and  slid  from  the  cutter  until  it  brings  up  against  the 
ridge  just  made,  when  another  blow  is  struck,  fonning  a  second  ridge 
parallel  to  the  first.  This  method  of  procedure  determines  the  positions 
of  the  consecutive  cuts  with  accuracy.  It  is  repeated  untd  the  whole 
surface  is  gone  over.  The  workman  delivers  the  blows  with  a  force  as 
uniform  in  intensity  as  possible.  From  sixty  to  eighty  cuts  are  made 
per  minute.  The  above  operations  fill  one  side  of  the  blank  with  par- 
allel ridges  that  constitute  the  first  course  of  cuts,  after  which,  if  the 
file  is  to  be  double  cut,  the  operator  proceeds  to  make  the  second  course, 
whose  cuts  are  generally  finer  than  the  first.  The  surface  is  now  covered 
with  diamond-shaped  teeth  inclined  toward  the  point  of  the  file.  If  the 
file  be  flat  and  is  to  be  cut  on  the  other  side,  it  is  turned  over  and  a  thin 
plate  of  lead  or  pewter  placed  under  it  to  protect  the  teeth  from  injury. 
Triangular  and  other  files  are  placed  in  grooves  of  lead  to  support  them 
while  cutting.  In  cutting  round  and  half-round  files  the  straight  chisel 
is  placed  tangent  to  the  surface  and  slightly-  inclined  to  the  direction  of 
the  axis  as  well  as  to  the  front.  These  curved  faces  require  eight,  ten, 
or  more  courses  to  complete  the  file.  Before  making  the  second  cut  a 
fine  file  is  passed  lightly  over  the  surface  to  smooth  it  for  the  second  of 
up-cut  course,  in  order  that  the  chisel  itiay  glide  easily  over  the  surface. 
The  second  set  of  cuts  usually  makes  a  large  angle  with  the  first,  the 
two  sets  making  "angles  of  about  +  50^  and —  8(P,  respectively,  with 
the  middle  line  of  the  file.''  After  finishing  both  sides  the  edges  are  cut 
if  required. 

The  spacing  of  the  teeth  is  regulated  by  the  height  of  the  ridge 
thrown  uy)  by  the  chisel  in  making  the  indentation,  and  since  this  ridge 
in  turn  depends  u])(m  the  force  of  the  blow  from  the  hammer,  it  follows 
that  the  regularity  of  the  work  must  depend  upon  the  skill  of  the  work- 
man, and  must  vary  with  his- habits,  temper,  and  physical  condition. 
Hence  it  will  be  seen  that  the  teeth  of  the  files  must  possess  more  or 
less  irregularity.  A  certain  degree  of  irregularity  is  desirable  to  pre- 
vent the  "chattering"  or  "grooving"  that  would  result  from  files  cut 
with  exiictly  equal  spaces  between  the  teeth,  and  having  the  latter  all 
the  same  height,  which  they  would  have  if  the  metal  was  perfectly 
homogeneous  and  the  blows  of  the  hammer  equal  in  intensity.  The 
more  skillful  the  workman  the  more  nearly  will  his  work  approximate 
to  that  "controllable  regular  irregularity''  which  is  so  essential  to  the 
excellence  of  the  tile. 
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2.  Cutting  by  machine. — The  several  machines  designed  for  file  cutting 
have  generally  tended  to  produce  ^^equidistant  spacing  in  the  ieeth^  from 
the  point  to  the  heel  of  the  file.  This  extreme  regularity  in  double-cut 
files  forms  channels  in  the  work  which  are  counterparts  of  the  equidis- 
tant grooves  in  the  files.  In  single-cut  files  a  ^'  chattering  and  jarring 
sensation"  is  produced  by  the  same  cause.  The  exact  regularity  and 
uniformity  of  the  teeth,  both  in  their  height  and  their  disUmce  apart, 
allows  all  or  nearly  all  of  the  teeth  to  become  engaged  simultaneously 
with  the  elements  of  the  surface  upon  which  they  are  employed.  It  is 
evident,  since  the  number  of  teeth  which  take  hold  of  the  work  is  much 
greater  than  in  the  case  of  the  irregular  teeth  of  hand-cut  files,  the 
workman  must  exert  not  only  greater  force  to  push  the  file  forward,  but 
greater  pressure  upon  the  file  to  make  it  take  hold  upon  the  material, 
or  *'  bite,"  as  it  is  termed.  If  the  increased  pressure  be  not  applied  the 
file  will  slide  over  the  surface  without  cutting,  due  to  the  increased 
number  of  points  of  contact.  The  sliding  effect  is  especially  noticeable 
ui>on  the  broad  flat  surfaces  where  the  whole  body  of  the  tile  comes  in 
contact  with  the  work,  and  gives  rise  in  the  mind  of  the  workman  to 
the  belief  that  the  teeth  are  dull.  The  machine-made  tiles,  with  equi- 
distant spacing,  answer  very  well  for  certain  classes  of  work,  though 
they  increase  the  labor  of  filing,  but  as  yet  they  have  not  supplanted 
the  irregularly  spaced  hand-made  or  ^Nicholson  increment-cut  tiles. 
Kaoul's  machine  was  applied  (1800)  to  m*aking  watchmaker's  files,  which 
were  said  to  be  "less  liable  to  clog  and  pin  when  in  use"  than  the  hand- 
cut  files.  The  small  Swiss  and  French  files  for  the  use  of  dentists, 
watch  and  clock  makers  are  said  to  be  made  by  machinery. 

3.  Nicholson^s  ^Hncreinent-cut^^  file. — This  file  is  made  by  machinery 
and  is  claimed  to  fulfill  the  conditions  requisite  for  a  perfect  file,  and  to 
overcome  the  grave  objections  to  the  equidistant  spa<;ing  of  the  ordi- 
nary machine  made  files. 

The  arrangement  of  the  teeth  of  this  file  is  thus  described  by  Mr. 
Nicholson : 

1.  "The  rows  of  teeth  are  spaced  progressively  wider,  from  the  point 
toward  the  middle  of  the  file,  by  regular  increments  of  spacing,  and 
progressively  narrower,  from  the  middle  toward  the  heel,  by  regular  de- 
crements of  spacing." 

2.  "  This  general  law  of  the  spacing  of  the  teeth  is  modified  by  intro- 
ducing, as  they  are  cut,  an  element  of  controlMle  irregularity  as  to  their 
spacing }  which  irregularity  is  confined  within  maximum  and  minimum 
limits,  but  is  not  a  regular  increment  or  decrement." 

3.  "  In  arranging  the  teeth  of  files  so  that  the  successive  rows  shall 
not  be  exactly  parallel,  but  cut  slightly  angularly  with  respect  to  each 
other* — the  angle  of  inclination  being  reversed  (during  the  operation  of 
cutting)  as  necessity  requires." 

The  above  characteristics  produce  files  that  have  a  "  shearing  cut," 
for  the  points  of  no  three  consecutive  teeth  in  any  longitudinal  row  of 
a  double-cut  file  are  in  the  same  straight  line.  This  arrangement  pre- 
vents cutting  channels  or  furrows  in  the  work,  and  enables  the  latter  to 
be  done  more  rapidly  and  smoothly  than  when  the  teeth  are  regularly 
disposed  upon  the  file.  The  advantages  of  the  "increment-cut"  file  are 
set  forth  in  "Johnson's  New  Universal  Cyclopaedia,"  as  follows:  "The 
difference  between  this  and  the  perfect  regularity  of  other  kinds  must 
be  apparent,  particularly  in  double-cut  files  ,*  as  in  the  one  case  the  file 
cut  with  such  extreme  regularity,  when  put  to  use,  will,  in  the  first  inch 
of  its  movement,  produce  channels  or  grooves,  and  these  grooves  will 
continue  to  be  made  deeper  as  the  file  is  shoved  along,  thus  producing 

22   OBD 


S3 8         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

that  "grooving"  and  "chattering''  so  often  complained  of;  while  in  the 
increment-cut  file,  the  grooves  made  by  the  movement  of  the  file  the 
first  inch  will  have  their  sides  cut  away  as  tlie  file  is  moved  toward  the 
tang  or  handle,  and  vice  versa;  and  while  it  is  cutting  a«  fast  as  its 
poifits  permit,  it  is  also  said  to  cut  smoother  than  the  best  hand-cut  file 
of  the  same  coarseness.  The  irregularity  spoken  of  consists  not  only  in 
the  space  between  the  teeth,  but  also  in  the  height  of  the  teeth  them- 
selves. The  object  of  having  the  teeth  of  different  heights  is  to  admit 
of  their  being  held  down  to  the  work  with  less  effort  on  the  part  of  the 
workmen." 

Mr.  Nicholson,  who  is  an  advocate  of  the  machine-made  "increment- 
cut"  file,  draws  the  following  conclusions  from  his  discussion  upon  the 
teeth  of  files : 

1.  "  That  there  are  no  peculiarities  in  the  formation  or  shape  of  the 
tooth  of  a  file,  as  made  by  hand,  that  cannot  be  made  by  machine." 

2.  "That  teeth  can  be  so  formed  by  machinery,  without  impairing 
their  general  shape,  as  to  largely  prevent  caps  and  the  tendency  when 
in  use  to  *|?in.'" 

3.  "That  neither  the  extreme  regularity  of  most  machine  work,  nor 
the  uncertain  irregularity  of  much  of  the  hand  work,  is  most  desirable 
in  files  for  general  use." 

4.  "That  while  most  files  should  have  teeth  both  irregularly  spaced 
and  of  irregular  heights,  the  degree  should  be  strictly  under  control  as 
in  the  increment-cut  file." 

V. — Hardening. 

After  cutting,  the  files  are  hardened,  except  those  for  use  on  wood  or 
other  comparatively  soft  substances,  which  are  often  left  unhardened. 
To  harden  files  they  are  first  covered  with  paste  and  dried,  to  protect 
the  teeth  from  the  direct  action  of  the  fire.  The  paste  is  formed  by 
passing  the  file  through  beer-grounds  to  make  it  sticky,  then  through  a 
mixture  of  common  salt  with  roasted  and  pulverized  carbonaceous  ma- 
terials, which  are  considered  to  be  the  best  adapted  for  the  protection 
of  the  teeth  against  decarbonization  and  oxidation,  while  at  the  same 
time  by  their  fusion  upon  the  surface  they  indicate  the  proper  heat  to 
be  given.  This  surface  coating,  being  a  poor  conductor  of  heat,  checks 
the  sudden  change  of  temperature  when  the  file  is  first  immersed  in  the 
tempering  solution  of  cold  water  or  brine,  and  diminishes  the  liability 
of  the  file  to  "check"  or  crack.  The  file  is  heated  to  an  even  red  heat, 
or  until  the  surface  coating  fuses,  before  being  plunged  in  the  cold  bath. 
Hardening  generally  distorts  the  form  of  the  file,  to  correet  which  it  is 
withdrawn  from  the  bath  before  entirely  cold  and  placed  in  clamps  to 
straighten  it,  or  else  is  corrected  by  placing  between  a  pair  of  iron  bars 
and  bending  back  by  pressure  upon  the  tang  while  cold  water  is  poured 
upon  the  upper  side  to  "set"  the  metal  in  the  required  position.  Next 
"draw"  or  soften  the  tang  by  heating  it  in  molten  lead,  which  partially 
anneals  it  and  obviates  the  danger  of  breaking  off  the  tang  when  in  use. 
The  files  are  then  thoroughly  scrubbed  and  washed  in  lime-water  to  re- 
move the  scales  of  the  salt  mixture,  after  which  they  are  dried,  brushed, 
and  oiled,  when  they  are  ready  for  use.  The  operation  of  hardening 
requires  a  good  deal  of  skill  and  judgment  in  consequence  of  the  diverse 
shapes  of  files,  and,  in  many  cases,  of  their  unsymmetrical  sections.  Some 
files  require  to  be  immersed  quickly,  others  slowly;  some  vertically,  others 
obliquely,  depending  on  the  form  of  the  file.  The  method  of  iuimei'sion 
adopted  oeing  that  which  has  been  found  to  give  the  most  uniform 
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results  and  to  preserve  the  straightness  of  the  particular  form  of  file. 
Despite  the  most  scrupulous  care  in  heating  and  immersing  in  the  cold 
bath,  files  will  often  curve  or  '* crook"  in  cooling.  This  defect  is  reme- 
died to  a  great  extent  by  forcing  the  file  back  to  or  beyond  the  straight 
line  at  the  point  of  maximum  curvature,  and  brushing  it  with  cold  water, 
or  cold  brine,  on  what  was  the  concave  side.  This  operation  "sets"  the 
tile  very  nearly  in  the  position  to  which  it  is  straiued  by  the  dexterous 
hand  of  the  workman.  The  straightening  must  be  done  before  the  file 
Is  thoroughly  chilled,  for  no  amount  of  pressure  will  correct  the  ctrrva- 
ture  after  the  metal  becomes  set. 

Nearly  every  file  maker  has  his  own  peculiar  ideas  in  regard  to  the 
composition  of  the  paste  he  uses  and  the  proportions  of  the  ingredients 
ill  his  hardening  baths,  and  often  endeavors  to  surround  his  proceedings 
-with  an  air  of  mystery;  but  it  is  doubtful  whether  these  carefally- 
u:uHrded  secrets  are  of  much  practical  value.  Good  steel  intelligently 
treated,  proper  attention  given  to  temperature  and  specific  gravity  of 
the  bath,  which  afiect  the  degree  of  hardness  and  the  straitness  of  the 
file,  are  all  that  are  necessary  to  produce  a  good  quality  of  work. 

VI. — Inspection. 

The  merest  novice  in  the  manufacture  of  any  class  of  tools  will  at 
once  understand  the  urgent  necessity  for  frequent  inspections  of  the 
work  during  the  processes  of  fabrication.  Files  are  no  exception  to  this 
rule.  They  should  be  inspected  at  every  stage  of  the  manufacture^  and 
defective  ones  rigidly  rejected.  The  inspectors  should  be  men  of  intel- 
ligence and  skill,  well  paid,  and  entirely  independent  of  the  workmen. 
The  maker  should  have  foresight  enough  to  support  his  inspectors  in 
their  decisions,  if  he  expects  the  work  to  possess  a  high  character  for 
quality  and  excellence.  Unwearied  watchfulness  and  an  honorable 
pride  in  his  work  are  essential  requisites  for  the  establishment  and  re- 
tention of  a  high  reputation.  The  wise  manufacturer  will  never  hazard 
a  well-earned  reputation  by  throwing  an  inferior  quality  of  work  upon 
the  market. 

VII.— Testing. 

A  final  examination  of  the  files  is  made  after  hardening.  The  Nich- 
olson File  Company  pursue  the  following  method  in  the  final  inspec- 
tion : 

1.  Testing, — ^The  files  are  tried  upon  the  hardened  provers  to  ascer- 
tain if  they  are  sharp  and  uniformly  hard. 

2.  Ringing. — The  files  are  next  struck  upon  a  block  of  metal,  or 
"ning"  as  it  is  called,  to  find  out  if  they  are  sound  and  free  from  fire- 
cracks. 

3.  Inspecting, — ^They  are  carefully  examined  to  see  that  the  teeth  are 
l>erfect,  and  that  no  imperfections  either  in  general  shape  or  in  the  stock 
have  been  overlooked. 

If  found  defective  in  any  of  these  points  they  are  discarded  from  the 
grade  of  first  quality.  The  rejected  ones  have  the  brand  or  stamp 
ground  out,  and  the  best  are  selected  and  sold  as  second  quality^  the 
others  are  classed  as  "  wasters  "  or  scrap. 

The  files  are  now  cleaned  and  oiled  to  prevent  rusting,  when  they  are 
ready  for  packing. 

VIII.— Packing. 

The  general  custom  has  been  to  pack  the  files  in  paper  packages, 
each  package  containing  from  one  half  to  three  dozen  f^es. 
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A  later  method  has  been  to  put  them  up  in  paper  boxes  holding  from 
one  half  to  oue  dozen  files  each.  Printed  labels  are  placed  on  the  end 
and  top  of  each  box.  This  'arrangement  is  specially  desirable  for  the 
smaller  files,  but  for  heavy  files,  on  account  of  their  weight,  paper  pack- 
ages are  better. 

Foreign  files  are  shipped  to  this  country  in  casks  weighing  from  500 
to  800  pounds.  Domestic  manufacturers  ship  in  boxes  containing  rarely 
more  than  30  dozen  files,  since  the  dealers  often  order  in  small  lots. 

IX. — File-cutting  machines. 

These  machines  are  made  to  cut  files  automatically.  The  general 
design  consists  of  a  table  upon  which  the  file  blank  is  secured,  which 
table  is  fed  beneath  a  chisel  that  receives  the  blows  from  a  trip  hammer 
placed  above  the  table.  Many  attempts  have  been  made  to  produce 
machines  for  file  cutting,  but  thus  far  hand-cut  files  still  maintain  their 
sway. 

I. — Chronology. 

A.  D.  1699. — Duverger,  a  Parisian  mechanic,  presented  a  file-cutting 
machine  to  the  French  Academy.  A  description  of  it  appeared  in  the 
Journal  des  Savants,  1702.  ' 

A.  D.  1725.— Fardonet. 

A.  I).  1740. — Thiout  describe^  a  machine  in  his  Traits  de  PHorologie: 
"In  Thiout's  machine  the  file  was  attached  to  a  screw  slide  suspended 
at  the  end  by  pivots  and  covered  with  an  anvil  plate  of  tin.  The  slide 
works  upon  a  stationary  anvil  and  is  worked  by  a  feed-screw  moved  at 
intervals  the  distance  of  the  pitch  of  a  tooth  by  means  of  a  pin-wheel. 
The  chisel  is  held  on  a  jointed  arm,  beneath  which  is  a  spring  to  raise  it 
after  each  blow,  the  latter  being  given  by  a  vibrating  drop-hammer.'' 
(Knight) 

A.  D.  1756-1758.— Brachal  and  Gamain. 

A.  D.  1800. — Raoul,  a  French  mechauic,  "made  files  by  machinery, 
and  obtained  a  report  ui^on  them  from  a  committee  of  the  Lycee  des 
Arts  in  which  it  was  stated  that  they  were  equal  to  the  best  English 
hand-made  files." 

A.  D.  1812. — Morris  B,  Belknap,  of  Greenville,  Mass.,  patented  a  file- 
cutting  machine. 

William  T.  James,  "  who  is  said  to  have  worked  at  Union  Village, 
patented  another." 

A.  D.  1836. — Capt.  John  Ericsson,  then  in  England,  patented  a  file- 
cutting  machine,  which  is  described  in  Holzapflel's  work  on  Mechanical 
Manipulation^  where  it  is  stated  that  one  machine  could  do  the  work  of 
ten  men. 

Ericsson's  machine  cut  several  files  at  the  same  time.  It  was  claimed 
that  it  introduced  means  "by  which,  in  cutting  taper  files,  the  hammer 
is  less  raised  in  cutting  the  ends  of  files  than  at  the  middle,  so  as  to 
proportion  the  force  of  the  blow  to  the  width  and  depth  of  the  cut  at 
different  parts  of  the  file.  Two  machines  were  used  for  double-cut^  files, 
the  bed  of  one  inclined  to  the  right  and  the  other  to  the  left  to  give  the 
different  horizontal  inclinations  proper  to  these  teeth."  For  single-cut 
lioats^  ]found  and  half-round  files,  a  strait  bed  was  used.  These  ma- 
chines delivered  about  240  blows  per  minute,  or  about  treble  the  rate  for 
hand-cutting.  Two  beds  were  employed,  so  that  the  operator  could  be 
adjusting  blanks  upon  one  while  those  on  the  other  were  being  cut. 

A.  D.  1843. — Eobinson^^ammel. — Sir  John  Eobinson,  an  ex-presi- 
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dent  of  the  Eoyal  Scottish  Society  of  Arts,  saggested  "  the  making  of 
curvilinear  files  by  catting  flat  strips  of  steel  plate  and  then  rolling 
them  into  shape  and  tempering  them.  Cammel's  improvement  was  to 
make  the  plate  thinner  toward  the  edges  so  that  it  might  bend  equally 
and  not  too  much  in  the  middle,  as  it  was  apt  to  do  when  of  an  even 
thickness.  He  also  suggested  to  make  the  teeth  by  a  graver  in  an  au- 
tomatic machine."    (Knight) 

A.  D.  1847. — George  Winslow,  of  Boston,  invented  an  ingenious  ma- 
chine described  in  Appleton^s  Dictionary  of  Mechanics, 

A.  D.  1858. — Milton  D.  Whipple  invented  a  machine  with  which  an 
attempt  was  made  in  this  year  to  manufacture  files  at  Ballardvale, 
Mass.  Extensive  works  were  built  and  a  large  capital  invested.  The 
company  failed  in  1869.  Some  of  the  machinery  is  still  (1876)  in  opera- 
tion. 

A.  D.  1860. — In  this  year  a  description  of  Skilton's  machine  appears 
in  "  Ure's  Dictionary,''  vol.  ii,  pp.  202-204. 

M.  Bernot,  of  Paris,  invented  a  machine  some  time  between  1847  and 
1860,  which  was  described  in  detail  by  Byrne.  It  was  used  with  some 
success  in  France  and  Belgium,  and  was  introduced  into  Great  Britain 
and  the  United  States  in  1860  or  a  little  later. 

'^  In  this  machine  the  chisel  is  driven  by  a  cam  as  the  file  blank  moves 
along  beneath  it,  and  the  difference  in  height  of  teeth,  which  is  given 
by  the  hand  process  in  passing  from  the  end  to  the  middle  of  the  file,  and 
the  reverse  is  thus  imitated.  Considerable  sums  of  money  were  ex- 
pended in  the  effort  to  make  this  process  a  success  in  Birmingham,  but 
in  vain.  A  few  of  these  machines  are  still  (1876)  in  operation  at  Paw- 
tucket,  E.  I." 

A.  D.  1866. — ^The  Weed  File  Company  commenced  operations  at  South 
Boston,  Mass.,  in  this  year,  but  failed  afVr  working  two  years. 

A.  D.  1865. — W.  T.  Nicholson,  of  Providence,  E.  I.,  invented  a  lot  of 
machinery  for  cutting  files,  which  has  proved  more  successful  than  any 
heretofore  invented.  The  Nicholson  File  Company,  of  Providence,  R. 
I.,  was  organized  in  the  spring  of  1865,  with  the  inventor  at  the  head. 
This  company  is  still  manufacturing  files  by  machinery.  These  files  are 
known  as  "  increment-cut  *'  files,  being  spaced  irregularly  so  as  to  imi- 
tate the  hand-cut  files.  For  further  particulars  in  regard  to  the  Nichol- 
son files,  see  under  its  appropriate  heading. 

The  following  machines  are  figured  by  Knight  in  his  Mechanical  Die- 
tionaryy  but  no  dates  are  given : 

1.  Rotherham  and  Holden's  file-cutting  machine. — (Plate  XXI,  Fig.  2.) — 
Of  this  machine  Knight  says :  The  blanks  are  secured  side  by  Ride  on 
the  upper  surface  of  the  bed,  which  is  automatically  fed  after  each 
stroke  by  the  feed  screw ;  a  separate  chisel  and  hammer  acts  upon  each 
blank;  the  chisels  are  supported  by  springs  or  arms  with  roller  feet, 
which  bear  upon  the  blank;  the  chisels  are  thrown  back  after  each  cut 
to  raise  a  burr. 

2.  Card  and  Studley^s  file-cutter, — (Plate  XXI,  Fig.  1.) — In  regard  to 
this  machine  the  same  author  says :  "  The  sliding  head  to  which  the 
shank  of  the  blank  is  clamped  is  actuated  by  a  feed-screw  and  half-nut, 
tlie  latter  bein<]r  automatically  raised  to  stop  the  feed  motion  at  the 
proper  time.  The  anvil  has  a  hemispherical  block,  whose  convex  side 
rests  in  a  socket  of  its  support.  The  anvil  and  feed  movement  are  sup- 
ported on  a  turn-table,  by  whose  adjustment  the  inclination  of  the  teeth 
is  determined.  The  chisel  is  supported  upon  a  flexible  rod  which  is  con- 
nected to  the  hammer  handle  by  a  spiral  spring.  The  hammer  is  at- 
tached to  a  rock-shaft  which  has  an  adjustable  arm  acted  on  by  a  cam 
on  the  main  shaft." 
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In  regard  to  cutting  flies  by  machinery,  Professor  Thurston  says: 
"  This  problem  has  ♦  ♦  •  taxed  the  patience  and  has  employed  the 
ingenuity  of  some  of  the  ablest  mechanics  of  all  countries  for  many 
years.  Very  small  clock  and  watchmakers'  flies  have  been  made  by 
machinery  for  years.  But  the  difficulties  met  with  in  the  attempt  to 
make  larger  flies  have  seemed  almost  insurmountable.  Maigne,  in  his 
Dictionaire  des  Inventions^  remarks:  'It  has  seemed  impossible  to  obtain 
machinery  having  the  delicacy  of  touch  of  the  practical  hand  of  the  file- 
cutter,  which  varies  its  action,  the  position  of  the  chisel,  and  the  force 
and  direction  of  each  blow  according  to  circumstances.'  The  problem 
to  be  solved  embodies  the  following  conditions:  To  make  [the]  direction 
and  intensity  of  the  blow  such  as  to  give  a  cut  of  precisely  tne  desired 
depth  and,  on  curved  surfaces,  spread;  to  drawback  the  chisel  with- 
out injuring  the  edge  just  made;  to  avoid  a  rebound  or  chattering  of 
the  chisel ;  to  move  the  blank  with  such  irregularity  as  shall  insure  uni- 
formity in  the  distribution  of  the  teeth;  and  to  combine  all  these  move- 
ments with  absolute  precision  as  to  time  of  succession,  and  with  such 
speed  as  shall  enable  the  machine  to  compete  successfully  with  hand 
labor.  The  Bemot  and  Nicholson  machines  seem  to  have  been  the  most 
successful  yet  invented." 

PAET    II. 

RASPS. 

(Plates  I,  V,  X,  XI,  and  XII.) 

Definition. 

The  rasp,  like  the  file,  is  an  abrading  tool,  but  differs  in  that  its  sur- 
face is  studded  by  protruding,  isolated  teeth,  instead  of  chisel-cut  teeth. 
The  teeth  of  rasps  are  formed  by  a  pointed  tool  called  a  punch.  The 
jioint  of  this  punch  is  generally  of  a  triangular  x^yramidal  form,  whose 
triedral  angles  vary  in  size  according  to  the  effect  required  to  be  pix)- 
duced.  The  spaces  between  the  teeth  are,  comparatively,  wider  than 
those  for  flies.  The  apparently  irregular  intermingluig  of  the  teeth  is 
such  as  will  produce  the  smoothest  surfiice  for  the  number  of  teeth  on 
the  rasp. 

Classification. 

The  classification  of  rasps  is  very  similar  to  that  of  files.  Eaaps  have 
different  degrees  of  coarseness,  and  the  cuts  are  usually  classed  as — 

1.  Coarse. 

2.  Bastard. 

3.  Second-cut. 

4.  Smooth. 

The  coarse-cut  is  that  used  by  horse-shoers;  the  ba-stard  by  machin- 
ists, carriage-makers,  and  wheelwrights;  while  the  second  cut  is  applied 
to  shoe-rasps,  and  the  smooth  to  cabinet-maknrs,  &c.  The  rows  of  teeth 
range  obliquely  from  left  to  right,  or  from  right  to  jeft,  and  sometimes 
in  circukir  arcs.  The  planes  of  the  cutting  faces  of  the  teeth  are  gen- 
erally placed  at  right  angles  to  the  axis  of  the  file;  but  occasionally 
they" are  made  with  a  slight  obliquity,  alternately  to  the  right  and  left, 
for  the  purpose  of  allowing  the  teeth  to  clear  themselves  more  freely 
from  particles  of  stock. 
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Description. 

Flat  icood-ra^p, — This  rasp  differs  from  the  flat  file  ouly  in  the  form  of 
teeth.  The  sides  are  generally  cat  rftsp,  bastard,  and  the  edges  coarse, 
sincrle-ciit;  used  by  wlieelwrights  and  carriage  manufacturers. 

Flat  shoe-raspa. — A  rasp  made  from  the  flat  sections.  It  has  parallel 
edges,  both  safe,  and  slightly  tapered  sides.  One-half  of  each  side  is 
raisp,  second-cut;  the  other  half,  bastardy  double-cut,  used  for  filing  bot- 
toms of  boots  and  shoes,  almost  entirely  replaced  now  by  the  half-round 
shoe-rasps. 

Half-round  shoe-rasp. 

These  rasps  have  parallel  edges  with  sides  slightly  tapering  from  the 
middle  to  the  i>oint.    Sections  shown  in  Plate  IX. 

The  ends  are  rounded,  single-cut;  the  edges  uncut  or  safe;  the  side 
commonly  half  file  and  half  rasp  reversed.  The  file  quarters,  bastard, 
double  cut;  the  rasp  quarters,  second  cut.  Sometimes  made  i  and  f 
file.    This  rasp  is  the  one  in  most  general  use  at  this  time. 

Ooal  shoe-ra^p. 

Often  called  ^^  French  shoe-rasps,"  and  is  oval  on  both  sides;  edges 
parallel  and  safe;  sides  tapered  to  a  thinner  point  than  above  rasp.  It 
is  punched  half  smooth  rasp  and  half  second-cut  rasp  reversed. 

Horse-rasps. 

(Plate  XII.) 

These  rasps  are  known  as  tanged  or  plain  rasps,  and  their  sections  are 
shown  in  the  plate  cited.  Both  kinds  of  rasps  are  made  with  one  side 
cut  coarse,  double,  and  the  other  punched  coarse,  rasp.  The  teeth  of 
tanged  rasps  face  towards  the  points;  those  of  plain  rasps  face  toward 
eiich  end  from  the  middle.  The  edges  are  either  single  cut  or  hopped. 
Some  plain  rasps  have  half  of  one  side  rasp  and  the  other  half  file,  the 
relative  position  of  the  halves  being  reversed  on  the  opposite  side ;  they 
are  then  known  as  '^  Plain  rasp,  ^  file  reversed."  In  some  cases  they 
have  one,  and  half  of  the  opposite  side  either  rasp  or  file;  the}'  are  then 
called  ''Plain  rasp,  f  rasp,"  "Plain  rasp,  f  file,"  depending  on  the 
case. 

For  certain  purposes  the  edges  of  one  or  more  of  the  rasp  quarters 
are  beveled  and  are  called  "  Beveled-edge  rasps."  The  terms  "  J  bev- 
eled" or  "J  beveled"  should  be  added  to  complete  the  description,  as 
"Plain  rasp,  f  file,  J  beveled,"  or  "Plain  rasp,  i  file  reversed,  J  bev- 
eled." 

The  "J  beveled"  is  most  commonly  required. 

The  tanged  rasp  has  a  handle  and  is  in  general  use  in  New  England 
shoeing  sfiops,  and  is  sometimes  used  in  the  Middle  States.  The  plain 
rasp  is  in  gv^neral  use  m  the  Western,  Southern,  and  Middle  States  for 
shoeing  horses  and  mules. 

^^^  Racer  ^  horse-rasp. 

(Plate  XII.) 

This  rasp  is  a  patented  article,  made  by  the  Nicholson  File  Company, 
of  Providence,  B.  I.    It  is  distinguished  from  the  ordinary  rasp  by  the 
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peculiar  arrangement  of  the  teeth.  As  will  be  seen  from  the  plate,  the 
faces  of  the  alternate  rows  of  teeth  are  inclined  to  the  perpendicular  to 
the  axis  at  reversed  angles  instead  of  being  parallel  to  that  perpendicular 
as  is  customary.  This  gives  a  shearing  cut.  It  is  said  that  the  teeth 
are  more  durable  and  less  liable  to  break  off  in  use,  and  that  they  do  not 
clog,  since  instead  of  the  abraded  material  being  packed  in  the  depres- 
sion in  front  of  the  tooth  the  action  of  the  workman  tends  to  press  the 
retuse  outward  and  make  the  rasp  clean  itself.  Each  tooth  is  made 
with  a  double  blow.    These  rasps  are  made  both  tanged  and  plain. 

Half-round  wood  rasp. 

(Plates  II,  V,  and  IX.) 

Similar  in  shape  to  the  half-round  file ;  length  generally  10, 12,  and 
14  inches.  It  has  bastard-cut  punched  teeth  on  both  sides.  Adapted 
for  wood-work,  but  is  used  by  plumbei*s  and  marble-workers. 

Cabinet  rasp, 

(Plates  II,  V,  and  IX.) 

Besembles  the  cabinet  file  except  in  cut.  Length  from  6  to  14  inches — 
8, 10,  and  12  inches  most  common:  cut,  punched,  smooth,  sometimes 
secoiid-cjut.  These  rasps  are  used  oy  wood-workers  generally,  on  for- 
niture,  saddle-trees,  lasts,  gun-stocks,  patterns,  and  wooden  models. 

Jig-rasp. 

(Plate  XIL) 

This  is  a  combined  file  and  rasp,  cut  on  the  sides;  one  side  is  halt 
rasp,  and  the  other  half  coarse  single-cut.  On  the  opposite  side  both 
halves  -are  fine,  second-cut^  single.  This  tool  is  used  by  fishermen  for 
shaping  the  lead  weights,  or  sinkers  attached  to  their  nets. 

Rasp-cutting  machine. 

This  resembles  the  file  cutting  machine  (which  see)  in  the  striking 
and  feed-motion  parts.  It  differs  in  the  devices  by  which  it  is  adapted 
to  cutting  rasps  instead  of  files.  To  this  end  the  chisel  stock  is  pivoted 
to  the  rock-shaft,  so  that  the  chisel  may  be  vibrated  not  only  in  a  ver- 
tical plane,  but  also  in  a  horizontal  plane,  thus  cutting  teeth  in  curved 
lines  across  the  blank.  The  forward  feed-motion  is  intermittent,  taking 
X)lace  only  after  the  completion  of  one  row  of  teeth,  and  before  the  com- 
mencement of  another. 

Stub  files, 

(Plate  XIV.) 

These  are  short  files,  about  2  inches  in  length,  of  various  cut  and 
cross-section,  and  are  designed  to  be  used  for  finishing  cavities,  depres- 
sions, &c.,  where  ordinary  files  cannot  be  used.  The  holder  is  attached 
to  the  files  by  screwing  in  the  handle,  which  action  spreads  the  jaws 
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apart  and  engages  their  points  in  the  recesses  in  the  backs  of  the  file- 
stubs. 

Eifflers. 

(Plate  XV.) 

Bifflers  are  usually  curved  at  both  ends,  the  middle  portion  being 
used  for  a  handle.  Nicholson  prepares  his  rifflers,  as  shown  in  Plate 
XV,  with  wooden  handles,  by  which  they  are  more  readily  controlled. 
These  instruments  are  used  by  wood  carvers,  engravers,  pattern-makers, 
stone  and  marble  cutters. 

Scrapers. 

(Plate  XVI.) 

These  are  tools  used  by  machinists  to  bring  surfaces  of  machinery  and 
gauges  to  the  requisite  degree  of  nicety  and  finish.  They  are  employed 
to  remove  very  small  irregularities  of  surface.  They  are  very  hard  and 
are  ground  to  the  proper  shape.  Nicholson's  "Scraper  Kit  No.  1^  is 
shown  in  Plate  XVI. 

File-holders, 

(Plate  XVII.) 

These  are  devices  to  enable  the  filer  to  hold  his  file  firmly  when  filing 
surfaces.  They  also  enable  him  to  give  more  or  less  convexity  to  the 
working  face  of  his  file,  and  thus  produce  greater  nicety  of  finish  by 
only  filing  the  place  where  needed.  Several  patterns  of  these  holders 
have  been  produced,  biit  those  of  the  Nicholson  File  Company  are  the 
most  convenient  and  useful.  The  company  makes  two  classes,  vise  and 
surface  file-holders,  numbered  as  follows : 

Vise  file-holders. 

No.  1,  for  holding  files  5  and  6  inches  long. 
No.  2,  for  holding  files  8  and  10  inches  long. 
No.  3,  for  holding  files  12  and  14  inches  long. 

Surface  file-holders. 

No.. 4,  for  holding  files  12, 13,  and  14  inches  long. 
No.  5,  for  holding  files  14, 15,  and  16  inches  long. 

File-cleaners. 

(Plate  XVII.) 

* 
These  are  the  file-card,  file-brush,  and  scorer,  and  are  used  for  freeing 
the  toeth  of  the  files  when  clogged  by  particles  of  material.  The  card 
is  made  of  wire  "card  clothing,"  and  the  scorer  of  soft  wrought  iron. 
The  brush  is  used  in  conjunction  with  the  card  for  cleaning  fine  files. 
The  scorer  is  used  for  removing  the  pins  or  "cat  teeth"  which  ol^truct 
the  teeth  of  the  tile  and  score  or  groove  the  work. 
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Part   III. 

THE  AUT  OP  FILING. 

To  the  uninitiated  the  operation  of  filing  seems  to  be  a  very  simple 
matter,  and  one  that  can  easily  be  attained  by  any  person.  On  the 
contrary,  the  art  of  filing  well  is  one  which  requires  a  great  deal  of  skill 
and  long-continued  practice,  as  well  as  thought  and  judgment.  It  is 
true  that  in  many  shops  there  can  be  found  filers  who  possess  neither 
skill  nor  judgment,  but  who,  from  long  practice  on  some  special  classes 
of  work,  hav'e  become  known  as  filers.  Such  men,  however,  are  nor, 
and  do  not  deserve  to  be,  called  "good  filers."  It  is  also  true  that  this 
same  class  of  inferior  workmen  generally  claim  to  be,  and  doubtless 
believe  that  they  are,  excellent  filers.  A  rigid  system  of  inspection  and  a 
persistency  in  pointing  out  the  multitudinous  defects  of  their  "finished 
work"  (so  called)  would  result  in  instilling  into  their  minds  a  belief  that 
they  were  being  persecuted,  and  that  the  foreman  or  superintendent  was 
"  down  on  them,  and  was  seeking  opportunity  to  find  fault  with  their  work." 
Very  ignorant  filers,  as  well  as  other  classes  of  mechanics,  artisans,  and 
even  professional  men,  are  often  as  bigoted  and  self-conceited  as  they  are 
unskillful  and  opinionated.  With  many  of  them  it  is  an  almost  hopeless  tajsk 
to  attempt  to  eradicate  slovenliness  in  their  manner  of  filing,  especially 
after  years  of  practice  in  such  methods.  Examples  are  numerous  where 
men  who  have  been  filing  (f )  for  years  do  not  even  "  know  how  to  hold  their 
files."  Oun-makers,  master  mechanics,  and  superintendents  of  manu- 
frtcturing  establishments  when^  a  great  deal  of  filng  is  required,  all 
know  the  difficulty  of  obtaining  good  filers.  The  supply  is  not  equal 
to  the  demand,  and  the  inequality  increases  yearly,  and  has  done  so 
since  the  practical  abolition  of  the  ai)prentice  system  in  this  country. 
The  advent  of  planers,  shaping-miohines,  trimming  machines,  shaving 
machines,  and  milling-machines  has  greatly  diminished  the  amount  of 
filing  rormerly  required  in  machine  and  gun  shops;  and  filing,  iu  its 
widest  sense,  is  apparently  about  to  be  remanded  to  the  cat-egory  of  the 
"lost  arts."  Boys  and  young  men  go  to  work  on  a  machine,  and  find 
that  in  a  few  weeks  or  months  they  can  earn  fair  pay  without  any  pre- 
vious study  or  apprenticeship;  consequently  it  is  not  strange  that  they 
are  loth  to  spend  several  years  of  ai)prenticeship  in  endeavoring  to 
learn  a  trade  which,  when  obtained,  will  bring  little  or  no  advance  of 
remuneration.  Again,  proprietors  of  machine-shops  are  in  such  haste 
to  get  rich  that  they  do  not  wish  to  employ  any  but  skilled  workmen, 
hence  they  refuse  to  be  "bothered"  with  teaching  boys  who  will  prob- 
ably leave  their  shops  as  soon  as  they  have  learned  their  trade.  The 
old  filers  who  have  learned  the  trade  regularly  by  a  toilsome  apprentice- 
ship are  gradually  dying  off,  and  no  new  brood  is  being  educated  to 
supply  their  places.  Hence  the  complaint  is  constantly  heard  that  we 
cannot  find  enough  good  filers.  How  this  evil  is  to  be  remedied  is  not 
within  the  province  of  this  paper,  and  the  writers  merely  wish  to  call 
attention  to  the  fact.  There  are  few  mechanical  operations  that  present 
greater  difficulties  than  that  of  •filing  well.  If  a  planer  be  used,  the 
work  is  firmly  fastened  to  the  movable  bed -plate,  which  has  a  motion 
of  translation  along  fixed  guide-rails,  and  passes  under  a  tool  attached  to 
a  tool-post  with  an  automatic,  transverse  feed-motion.  If  a  shaper  be 
employed,  the  work  is  keyed  to  the  immovable  bed  and  the  tool  has  a 
motion  of  translation  and  rotation,  the  former  governed  by  fixed  guides 
and  the  latter  by  a  screw.  In  neither  of  the  cikses  above  cited  does  the 
accuracy  of  the  work  depend  upon  the  workman's  skill  after  the  machine 
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has  been  set  and  put  in  motion.  But  in  filing,  the  "guiding  principle" 
of  the  machine  is  absent,  and  the  accuracy  of  the  work  depends  upon 
the  constant  care,  skill,  and  judgment  of  the  man.  To  produce  a  ^^true 
flat  surface^  upon  narrow  work  is  an  excellent  test  in  filing.  One  would 
naturally  suppose  that  a  file  the  points  of  whose  teeth  lie  in  the  surface 
of  a  single  plane  is  all  that  is  required  to  do  the  work.  Even  if  the 
side  of  the  file  was  a  perfectly  plane  surface — which  it  never  is — it  would 
be  necessary  to  move  it  in  parallel  straight  lines  across  the  work  to  pro- 
duce the  required  ett'ect.  Supposing  this  operation  possible,  the  press- 
ure applied  at  the  ends  of  the  file,  as  is  usual,  would  spring  the  file  and 
produce  a  concavity  on  its  under  surface,  which  in  turn  would  naturally 
round  -the  work.  To  obviate  this  defect  the  file  should  have  its  sides 
slightly  convex.  The  gf eater  the  convexity  of  the  file  the  fewer  teeth 
that  come  in  contact  with  the  surface  and  the  better  will  the  file  cut  or 
bite,  provided  the  pressure  remains  constant.  The  convexity  is  some- 
times given  by  slightly  curving  or  tapering  the  sides  from  about  the 
middle  to  the  point.  A  better  way,  perhai)8,  is  to  have  the  gradual  cur- 
vature extend  from  the  heel  to  the  point.  The  advantages  of  the  con- 
vexity are  plainly  seen  when  the  attempt  is  made  to  produce  an  approx- 
imately true  plane  surface.  The  straight  edge  or  surface  plate  will 
show  the  points  on  the  surface,  which  are  a  little  higher  than  the  rest, 
and  without  a  file  with  convexity  it  is  impossible  to  touch  the  exact  spot 
desired  and  no  other. 

Putting  handles  on  fiks, — Before  using  a  file  the  workman  should  see 
that  the  handle  is  driven  well  up  to  the  shoulder  of  the  tang.  Care 
must  be  taUen  not  to  split  the  handle.  If  the  hole  for  the  tang  be  too 
small  it  can  be  easily  enlarged  by  heating  the  tang  of  an  old  or  worn- 
out  file  and  burning  out  the  hole.  This  method  can  also  be  used  for 
centering  a  hole  that  is  bored  eccentrically.'  The  handle  should  always 
fit  closely  to  prevent  accidents  arising  from  the  pulling  off  of  the  handle, 
when  the  workman  might  injure  his  hand  by  striking  it  against  the 
tang.  It  also  lessens  the  danger  of  breaking  off  the  tang,  which  might 
occur  were  the  handle  only  half-way  on  the  tang.  File-holders  are  also 
useful  in  preventing  accidents  as  well  as  for  providing  a  method  of  in- 
creasing more  or  less  the  curvature  or  "belly''  of  the  file.  Holders  are 
especially  desirable  when  using  stub  files. 

Position  of  filing  vise. — Nearly  every  workman  has  his  own  ideas  in 
regard  to  the  height  of  his  vise-jaws  above  the  floor  upon  which  he 
stands.  The  position  of  the  vise  depends  of  course  upon  the  kind  oi 
work  upon  which  he  is  engaged.  The  general  custom  is  to  place  the 
jaws  of  the  vise  at  about  the  height  of  the  elbow  irom  the  floor  for  gen- 
eral work ;  this  will  be  in  the  neighborhood  of  42  inches.  In  filing  on 
small  or  delicate  work,  where  the  movements  are  confined  to  those  of 
the  hands  and  arms  alone,  the  vise  may  be  placed  at  a  greater  distance 
from  the  floor,  in  order  to  briug  the  work  nearer  to  the  eyes  of  the  filer 
and  relieve  him  from  too  much  bending  over.  Heavy  work,  such  as 
surface  filing,  requiring  considerable  pressure  to  make  the  file  bite,  and 
greater  rigidity  of  the  arms,  renders  it  necessary  to  place  the  vise  lower, 
so  that  the  weight  of  the  body  can  assist  in  the  forward  thrust  of  the 
file.  In  this  cane  the  feet  of  the  operator  being  tJEirth^  apart  than  usual 
his  stature  is  slightly  diminished. 

Grasping  the  file, — This  manipulation  cannot  be  better  described  than 
by  reproducing  the  directions  given  on  this  point  by  Mr.  Nicholson  in 
his  ^^ Treatise  on  File^^^  which  are  as  follows:  "In  using  the  larger  files, 
intended  to  be  operated  by  both  hands,  the  handle  should  be  grasped 
in  such  a  manner  that  its  end  will  fit  into  and  bring  up  against  the  fleshy 


•' 
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part  of  the  palm,  below  the  joint  of  the  little  flnorer,  with  the  thumb 
lying  along  the  top  of  the  handle  in  the  direction  of  its  length,  the  ends 
of  the  fingers  pointing  upward,  or  nearly  in  the  direction  of  the  opera- 
tor's face. 

"The  point  of  the  file  should  be  grasped  by  the  thumb  and  first  two 
fingers,  the  hand  being  so  held  as  will  bring  the  thumb,  as  its  ball 
presses  upon  the  top  of  the  file,  in  a  line  with  the  handle,  When  heavy 
strokes  are  required.  When  a  light  stroke  is  wanted  and  the  pressure 
demanded  becomes  less,  the  thumb  and  fingers  may  change  their  direc- 
tion until  the  thumb  lies  at  a  right  angle,  or  nearly  so,  with  the  length 
of  the  file;  the  positions  change  more  or  less,  as  may  be  needed  to 
increase  the  downward  pressure. 

"  In  holding  the  file  with  one  hand,  as  is  often  necessary  in  filing  light 
work,  pins,  &c.,  the  handle  should  be  grasped  as  already  described, 
with  the  exception  that  the  hand  should  be  turned  a  quarter  turn, 
bringing  the  forefinger  on  the  top  and  lying  along  the  handle  nearly  in 
the  direction  of  its  length.  In  this  position  the  freest  action  of  the 
band  and  wrist  may  be  had  upon  light  work. 

"Amateurs  will  find  that  by  following  these  directions  the  move- 
ments of  the  file  will  be  simplified  and  made  somewhat  easier  than  if 
grasped  at  random  and  without  consideration." 

tJSES  AND  EFFECTS  OF  FILES. 

Files  are  used  upon  surfaces  of  all  kinds.  Easps  are  used  upon  those 
materials  whose  particles  possess  less  resisting  power,  and  are  chiefly 
employed  for  rapid  work.  They  are  more  used  by  workers  in  wood, 
soft  metals  and  leather,  than  are  files. 

The  general  effects  of  rubbing  a  file  or  rasp  upon  the  surface  of  metal, 
wood,  ivory,  leather,  or  other  material  is  to  smooth  if  and  change  its 
form  and  dimensions.  The  abrasive  effect  consists  in  cutting  from  the 
surface  small  shavings  or  particles  and  in  gradually  reducing  the  mass. 
Therefore,  files  are  only  used  for  shaping  and  smoothing  small  pieces, 
or  in  finishing  surfaces  that  are  already  of  approximate  figure.  The 
file  usually  follows  the  work  of  the  lathe,  the  planer,  the  milling  ma- 
chine, or  the  profiling  machine.  In  the  natural  motion  of  filing  the  tend- 
ency is  to  impart  to  the  file  a  somewhat  circular  motion,  the  articula- 
tion or  joints  of  the  arms  and  hands  acting  as  centers  of  motion.  It 
would  seem  that  this  kind  of  motion  with  a  convex  file  should  produce 
concavities  in  the  work,  whereas  the  real  effect  is  to  give  a  slight  con- 
vexity to  the  work,  due  to  the  rocking  motion  caused  by  the  work  act- 
ing as  a  kind  of  fulcrum,  except  where  the  file  is  handled  by  a  skillful 
manipulator. 

Every  filer  should  aim  to  have  his  file,  during  the  stroke,  depart  from 
a  strait  line  just  enough  to  bring  it  into  contact  with  the  desired  por- 
tion of  the  work.  The  tiling  of  round  or  curved  surfaces  requires  that 
the  strokes  should  be  so  blended  as  to  produce  the  best  effect.  This 
class  of  filing  depends  a  good  deal  upon  the  experience  and  eye  of  the 
workman,  but  is  not  so  difiicult  as  absolutely  ^a^  filing. 

In  draw-filing  the  files  are  grasped  at  each  end  by  the  hands  and 
moved  transversely  across  the  woik.  The  exact  angle  at  which  the  file 
is  held  is  governed  by  the  angle  of  tlie  last  or  up  cut  of  the  files,  and 
must  be  sufficient  to  produce  a  shaving  cut.  As  files  are  intended  to 
cut  during  a  forward  stroke,  it  is  evident  that  they  will  not  cut  to 
advantage  in  draw-filing;  hence  the  operation  of  draw-filing  is  only 
resorted  to  when  but  little  stock  is  to  be  removed.    This  operation  is 
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useful  in  fluishing  surfaces,  in  fitting  lathe-turned  shafting  to  fit  coup- 
lings, and  in  laying  the  strokes  of  a  preceding  filing  by  obliterating  the 
scratches  and  substituting  finer  ones  at  right  angles  to  them.  The  press- 
ure upon  the  file  should  be  relieved  or  entirely  removed  during  the 
back  stroke  in  both  forward  and  draw-filing,  in  order  to  economize  the 
wear  upon  the  teeth.  For  new  files,  attention  should  always  be  given 
to  the  kind  of  material  upon  which  first  used.  To  secure  the  greatest 
economy,  new  files  should  be  used  in  finishing  the  larger  surfaces  of 
cast  iron,  bronze,  or  brass,  which  require  a  keen-cutting  tooth,  or  upon 
narrow  surfaces  of  wrought  iron  or  steel.  A  very  light  pressure  upon 
the  work  should  be  used  until  the  needle-like  points  of  the  teeth  are 
worn  off,  else  the  teeth  are  liable  to  be  broken  off  and  the  file  rendered 
worthless.  A  few  careless  strokes  when  first  used  are  apt  to  destroy 
greatly  the  efficiency  of  the  file.  A  worn  file  should  be  used  in  the  first 
attack  upon  thfe  rough  surface  of  iron  work  covered  with  "scale"  to 
pave  the  way  for  the  employment  of  a  new  file.  The  latter  should  never 
be  used  upon  the  gritty  skin  of  castings,  nor  upon  a  weld  where  borax 
or  any  vitreous  flux  has  been  employed.  These  surfaces  may  not  injure 
a  partially  worn  file,  while  they  would  ruin  a  new  one.  The  filer  should 
always  see  that  the  shape  and  cut  of  his  file  is  adapted  to  the  work  in 
hand.  He  must  not  expect  a  brass  or  lead  float  to  work  well  upon  a 
surface  of  steel,  nor  a  dead-smooth  file  to  cut  rapidly  the  surface  of  a 
brass  casting.  In  filing  steel,  the  best  results  are  generally  obtained  by 
using  files  whose  grade  is  not  coarser  than  "  second  cut."  Finer  files 
are  required  where  great  delicacy  of  finish  is  necessary. 

In  preparing  the  work  for  the  file  great  care  should  be  taken  to  re- 
move the  hard,  chilled  outer  skin  or  '*  scale"  and  sand  by  "pickling" 
before  sending  it  to  the  filer. 

The  use  of  oil^on  files, — All  files  are  oiled,  to  prevent  rusting,  when 
they  leave  the  manufacturer's  hands.  In  many  ca^es  the  oil  does  no 
harm,  but  for  use  upon  lar^e  cast-iron  surfaces  the  oil  should  be  re- 
moved or  the  teeth  will  not  penetrate  the  surface,  and  it  will  "  glaze." 
This  action  not  only  hardens  or  burnishes  the  surface,  but  dulls  or 
breaks  off  the  points  of  the  teeth.  Upon  fibrous  metals  oiled  files  may 
be  used,  and  workmen  often  fill  the  teeth  with  oil  and  chalk.*  Oil  is 
useful  oh  fine  files  for  finishing  purposes,  as  it  keeps  the  teeth  from  pen- 
etrating too  much,  and  tends  to  prevent  "  pinning"  and  its  consequent 
scratching. 

Cleaning  and  care  of  files, — Files  should  be  frequently  cleaned  to  re- 
move the  dust  and  filings  from  the  teeth.  These  obstructions  keep  the 
teeth  from  penetrating  the  work  and  give  the  file  the  apx)earance  of  be- 
ing worn.  When  the  teeth  are  clogged  with  wood,  horn,  or  bone,  the 
tendency  to  rust  is  aggravated.  The  file  should  not  only  be  cleaned  at 
intervals  during  the  work,  but  before  being  laid  aside.  Fine  files  are 
cleaned  by  rubbing  the  palm  of  the  hand  over  them,  by  drawing  them 
across  the  workman's  apron,  by  striking  their  edges  (lightly)  on  the 
bench  or  vise,  or  by  using  a  ^trip  of  file-card  or  a  brush.  Oil  is  removed 
from  the  teeth  of  new  files  by  rubbing  charcoal  or  chalk  over  the  teeth 
and  then  thoroughly  brushing  them.  When  the  teeth  become  wedged 
or  filled  with  wood  or  other  soft  substances,  holding  them  in  boiling 
water  for  a  few  minutes  will  swell  the  wood  so  that  it  may  be  easily  re- 
moved by  the  file-card.  If  quickly  performed  the  remaining  heat  will 
evaporate  the  moisture  and  prevent  rusting.  Careless  mechanics  de- 
stroy their  files  by  throwiflg  them  together,  coarse  and  fine,  into  a  tray 
or  drawer  filled  with  tools,  pieces  of  iron  and  steel,  and  throwing  cold 
chisels,  hammers,  jigs,  etc.,  upon  them.    It  is  easy  to  see  how  this  treat- 
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ment  will  break  the  teeth  and  destroy  the  efficiency  of  a  file.  A  care- 
ful filer  will  always  have  a*rack  of  some  kind  upon  which  his  files  are 
systematically  arranged. 


Part   IV. 

MANUFACTURE  OF  FILES  AT  THE  NATIONAL  ARMORY,  SPRINGFIELD, 

MASS. 

The  Ordnance  Department  employs  one  skilled  flle-cntter  at  the  Na- 
tional Armory,  who  is  kept  constantly  employed  in  recutting  wom-ont 
files  and  in  making  special  files  for  certain  classes  of  work  required  in 
the  fabrication  of  small-arms.  All  the  rotary  files  nsfed  in  the  estab- 
lishment are  also  cut  here.  Since  the  introduction  of  "gun  steeP  or 
Bessemer  steel  as  the  material  for  many  of  the  component's  of  arms,  a 
good  many  files  are  used  which  are  "new  cut"  or  "skew  cut.**  This 
"  new  ^  or  "  skew  cut"  is  one  in  which  the  first  course  or  over  cut  is  a 
light  cut  with  small  horizontal  obliquity,  while  the  second  course  or  up 
cut  is  coarser,  with  great  horizontal  obliquity.  This  method  of  cutting 
is  excellent  for  a  finishing  file,  and  is  very  popular  among  armorers  on 
account  of  the  ease  of  manipulation  and  freedom  from  clogging,  as  well 
as  the  smoothness  of  the  surface  produced.  But,  unless  the  quality  of 
the  milling  be  excellent,  these  files  do  not  produce  good  results  except 
with  a  great  expenditure  of  time,  a  thing  i)iece-workmen  especially  de- 
sire to  avoid.    The  operations  at  this  armory  are  as  follows : 

1.  Forging.  • 

■ 

For  new  files  the  blanks  are  generally  forged  from  bar  steel  whose 
cross-section  is  a  close  approximation  to  that  of  the  intended  file.  Thus, 
blanks  for  round  files  are  forged  from  round  bars;  for  half  round  files 
from  h^lfround  bars,  &c.  The  steel  used  for  files  is  specially  selected 
and  must  possess  great  uniformity  of  density  and  be  highly  carbonized. 

2.  Annealing. 

The  file  blanks  are  hardened  more  or  less  by  the  process  of  forging 
and  must  be  softened  by  annealing.  For  this  process  the  blanks  (or 
worn-out  files  to  be  recut)  are  closely  packed  with  fine  charcoal  in  an 
iron  retort,  and  the  latter  rendered  air-tight  by  luting  down  the  lid  with 
fire  clay.  The  retort  when  packed  is  placed  in  a  furnace  and  slowly 
heated  until  the  whole  is  raised  to  a  cherry-red  heat,  and  then  removed 
from  the  furnace  and  allowed  to  cool  slowly.  After  cooling  the  blanks 
or  old  files  are  straightened  by  the  aid  of  a  hammer  and  anvil. 

3.  Grinding. 

The  file  blank  is  first  transversely  or  "cross-ground"  in  front  or  on  top 
of  a  grindstone,  and  then  is  ground  in  the  direction  of  its  length.  The 
workman  must  be  careful  to  preserve  the  shape  of  the  blanks  during 
this  operation.  After  grinding,  the  blanks  or  old  files  are  inserted  in 
air-slacked  lime  to  absorb  the  moisture  and  prevent  rusting. 
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4.  Draw-filing. 
(Plate  XXVI.) 

This  operation  is  generally  known  among  file  cutters  as  ^'  stripping." 
It  is  employed  to  smooth  and  level  the  surfaces  of  the  blank  and  pre-^ 
pare  it  for  the  operations  of  the  file-cutter. 

For  this  purpose  a  file  is  used. 

5.  Cutting. 

(Plates  XXIII,  XXIV,  XXV,  XXVI,  and  XXVII.) 

This  is  done  by  placing  the  blank  upon  a  block  or  anvil  of  cast  or 
wrought  iron  (Plate  XXVI,  Fig.  1)  imbedded  in  a  block  of  stone.  A  thin 
sheet  of  lead  or  a  block  of  tin  is  placed  upon  the  iron  tablet  or  anvil  to 
preserve  the  file  teeth  from  injury  during  the  i)rocess  of  cutting.  The 
different  grades  of  teeth  are  produced  by  using  hammers  of  different 
weights  and  delivering  blows  of  greater  or  less  intensity,  in  conjunction 
with  chisels  of  greater  or  less  weight,  having  mlges  with  angles  of  the 
proper  amplitude.  The  obliquity  of  the  courses  of  cuts  or  indentations 
is  governed  by  the  angle  at  which  the  chisel  is  held  with  respect  to  the 
axis  of  the  file,  and  the  character  of  the  teeth  by  the  inclination  given 
to  the  chisel,  coupled  with  the  intensity  of  the  blow  struck  by  the  ham- 
mer. 

6.  Preparation  for  hardening. 

Before  hardening,  the  files  are  treated  with  a  mixture  of  salt  and  car- 
bonaceous materials  to  protect  the  teeth  from  decarbonizatiou  and  oxi- 
dation. The  kinds  and  proportion  of  the  ingredients  are  exhibited  in 
the  following  table : 

Kind.  Proportion. 

Pnlverized  charcoal  made  from  leather  clippings 1  pound. 

Fine  family  flour 1^  pounds. 

Fine  table  salt 2  pounds. 

The  charcoal  made  from  burnt  leather  is  triturated  until  fine  enough 
to  pass  through  the  meshes  of  a  No.  45  sieve. 

The  three  ingredients  are  thoroughly  mixed  and  incorporated  while 
in  a  dry  state,  and  water  is  then  added  slowly  to  prevent  lumps  until 
the  paste  formed  has  the  consistency  of  ordinary  varnish;  when  ready 
the  paste  is  applied  to  the  files  with  a  brush,  care  being  taken  to  have  the 
teeth  well  filled  with  the  mixture.  The  sniplus  paste  is  then  wiped  from 
the  files  by  the  brush,  and  the  files  placed  on  end  before  a  slow  fire  to 
dry.  If  dried  too  quickly  the  paste  will  crack  or  blister;  if  not  dried 
enough  the  remaining  moisture  will  be  transformed  into  steam  when 
dipp^  into  the  heated  lead-bath  and  cause  an  ebullition  or  sputtering 
of  the  lead,  throwing  out  minute  globules  of  the  latter  which  may  en- 
danger the  eyes  of  the  operator.  The  fusion  of  the  paste  upon  the  sur- 
face of  the  file  indicates  the  proper  heat  at  which  to  harden  the  file. 
The  presence  of  this  partially  non-conducting  coating  of  paste  also  checks 
the  first  sudden  change  of  temperature  when  immersed  in  the  lead-bath 
and  diminishes  the  liability  of  the  files  to  *' check"  or  crack. 

Many  files,  especially  those  with  unsymmetrical  sections,  are  apt  to  be 
more  or  less  curved  by  hardening.  This  defect  is  overcome  in  a  great 
degree  by  bending  or  distorting  the  file  in  the  opposite  direction  while 
yet  soft,  so  that  it  may  be  of  the  required  form  when  hardened.    Expe- 
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rience  will  giiide  the  operator  in  the  amount  of  bending  necessary  with 
the  different  brands  of  steel  and  the  various  forms  of  cross-sections.  ' . 

7.  Hardening. 

When  dry  the  paste-covered  files  are  seized  by  the  tangs  with  a  pair 
of  tongs,  one  at  a  time,  and  slowly  immersed  in  a  vertical  direction, 
point  first,  in  a  pot  of  heated  lead.  The  slow  immersion  enables  the  hot 
lead  to  drive  ofl:*  any  remaining  moisture  without  danger  to  the  work- 
man. The  surface  of  the  lead-bath  is  covered  with  wood  charcoal  to 
prevent  oxidation  and  preserve  a  constant  temperature.  When  the 
proper  heat  if»  reached,  generally  shown  by  the  fusing  of  the  saline  mix- 
tiire  upon  the  surface  of  the  file,  the  latter  is  withdraw^n  from  the  heated 
lead  and  plunged  into  a  cold  saturated  solution  of  common  salt.  The 
rapi<lity  and  method  of  immersion  depend  upon  the  kind  and  shape  of 
the  file.  Flat,  taper,  square,  triangular,  and  round  files  are  immersed 
vertically.  Knife  edge  files  have  the  thick  edge  or  back  first  exposed 
to  the  cold  brine.  Half-round  and  cant  files  have  the  fiat  side  down  iu 
immersion.  The  latter  classes  are  slightly  distorted  so  as  to  present  a 
slight  concavity  on  the  flat  side  before  being  plunged  into  the  harden- 
ing liquid. 

8.  Straitening, 

While  the  files  are  still  warm  they  are  removed  from  the  cold  salt- 
water bath  and  examined  by  the  eve  to  see  whether  they  are  curved  or 
not.  If  curved  the  workman  seizes  the  tang  and  places  the  point  of  the 
file  under  the  farther  one  of  two  parallel  bars  of  iron  (Plate  XXVI, 
Fig.  4),  and  resting  the  convex  side  upon  the  other  parallel  bar  bears 
down  upon  the  tang  with  his  left  hand,  springing  the  file  in  the  op(>osite 
direction,  while  with  his  right  hand  he  applies  cold  water  with  a  brush  at 
the  point  where  the  concavity  existed.  This  treatment  sets  the  fibers  of 
the  iron  on  the  upper  side  in  their  new  position  while  those  on  the  under 
side  still  retain  a  portion  of  their  heat.  During  this  manipulation  the 
temi)erer  frequently  glances  his  eye  along  the  edge  of  the  file  to  observe 
the  efi*ect  of  his  application  of  cold  water  and  pressure.  After  straight- 
ening, the  burnt  paste  is  removed  by  means  of  a  stiff  brush,  using  tine 
sand  and  water.  This  operation  is  technically  called  scouring ;  after 
which  the  file  is  first  rinsed  in  clean  fresh  water  and  then  in  lime-water 
with  the  lime  well  stirred  up.  The  tiles  are  now  placed  on  end  to  dry. 
They  will  be  covered  with  a  slight  coating  of  lime,  which  will  prevent 
rusting.  The  tang  and  shoulder  is  then  tempered  or  "drawn''  by  im- 
mersing in  a  hot  lead  bath  to  prevent  breaking  off  in  use.  When  thor- 
oughly dry  the  lime  is  removed  by  brushing;  the  files  examined  to  see 
if  they  are  straight,  and  then  oiled  with  sperm-oil  and  packed  away  for 
future  use. 

Should  any  of  the  files  prove  to  be  slightly  bent  they  are  placed  with 
the  convex  side  in  contact  with  a  block  of  metal  of  proper  form  and  size, 
heated  to  a  black  heat  with  the  point  beneath  an  adjustable  screw  (Plate 
XXVII,  Fig.  5),  and  pressure  applied  in  a  downward  direction  upon  the 
tang,  while  sperm-oil  is  applied  upon  the  concave  side  until  the  metal 
is  set  in  the  new  position.  When  straight  the  files  are  placed  in  sperm- 
oil  to  cool. 

FILE  CUTTER'S  TOOLS. 

(Plates  XXIII,  XXIV,  and  XXV.) 

The  chisels,  punches,  and  hammers  used  by  the  file-cutter  at  the 
National  Armory  are  shown  in  the  plates  above  mentioned,  drawn  to 
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scale.    The  weights  of  the  several  chisels  and  hammers  are  given  in  the 
tables  below.    The  numbers  correspond  to  those  in  the  drawings. 


1.  Weights  of  ohiseU  and  punches. 


FILE  CHI8RLS. 


1.  7|  oz. 

2.  6ioz. 


3.  6   oz. 

4.  4i  oz. 


5.  3|  oz. 

6.  3    oz. 


7.  2ioz. 

8.  2   oz. 


9.  li  oz. 
10.  Uoz. 


11.  li  oz. , 

12.  lioz. 


13.  i  oz. 


UOR8E   RASPS. 


14.  Chisel 8*  oz.     |    16.  Punch 2^  oz. 

15.  Punch 5i  oz.     |    17.  Punch lioz. 


MISCELLANEOUS. 


18.  End  chisel  fur  rotary  files 1^  oz. 

19.  "        "       "        "        *< Uoz. 

20.  "        "       "        <«        <* 1    oz. 

21.  Concave  chisel 2^  oz. 

2.    JVeigh  ta  of  file-cutter^ a  ham m era. 


22.  Convex  chisel 4  oz. 

2:J.  Plier 1  oz. 

24.  Oblique 3  oz. 

25.  Oblique 2  oz. 


1.  6  lbs.    Hi  oz. 

2.  5  lbs.  Hi  oz. 


3.  4  lbs.  3  oz.     !  5.  3  lbs.  I  7.  1  lb.  13  oz.       9.  13  oz.    11.  4  oz. 

4.  3  lbs.  9i  oz.  i  6.  2  lbs.  6  oz.  ]  8.  1  lb.    4  oz.      10.     7  oz.| 


FILES  USED  AT  THE  NATIONAL  ARMORY,  WITH  THE  SEVERAL   OPERA- 
TIONS AND  COMPONENTS  TO  WHICH  THEY  APPLY. 


1. — Machine  shop. 

FILES  USED. 


Kind. 


Cut. 


Cant 

Cant 

Cant 

Cant 

Cant 

Cant 

Cross 

Cross  

Cross 

Cross 

Equaling 

Equaling 

Flat 

Flat 

Flat 

Flat 

Float 

Float  

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Horse-rasp 

Knife....: 

Knife , 

Knife 

Knife 

Knife 

Ovai 

Oval  

Pillar 

Pillar 

Pillar 

PiUar 

PiUar 

Pillar,  narrow , 

23  OBD 


Bastard 

Second  cut 

Smooth 

Smooth,  skew 

Dead-smooth,  Stub's 

Dead-smooth,  Stub's 

Bastard 

Second  out 

Smooth 

Dead-smooth '... 

BaaUrd , 

Smooth'  Stub's 

Bastard 

Second  cut 

Smooth 

Skew     , 

Second  cut 

Smooth 

Bastard 

Second  cut 

Smooth 

Dead-smooth 

Smooth,  skew 

Grobet,  No.  6 

Rasp  and  bastard 

Bastard 

Second  cut 

Smooth 

Dead-smooth,  Stub's 

Dead-smooth,  Grobet,  Ko.6. 

Smooth    

Second  cut 

Bastard 

Second  cut 

Smooth 

Smooth,  skew 

No.  6,  Grobet 

No.  e,  Grobet 


I  Length. 


Inehsa. 

5io  « 

3to   7 

3to   7 

3to   6 

8to   6 

2 

6to   8 

etc   8 

3to   8 

3to   5 

4to   8 

2to   8 

6tol2 

4to   8 

3to   8 

6tol2 

6  to  12 

6tol2 

6  to  12 

4  to  12 

4  to  12 

2  to  10 

6  to  12 

8to    &i 

12 

4to   8 

3to   7 

3to    7 

3to   7 

3to    6 

1A 

9 

4  to  12 

4  to  10 

2to   6 

4  to  12 

2to   6 

4to   5 
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Files  used  at  the  Xational  Armory,  ^c. — Continued. 
Kind.  Cut. 


Lenf^. 


Roimd 

Roimd 

Rouhd 

Round 

Round 

Round-Joint 

Half-ronud 

Half-round,  high  back 

Half-ronnd 

Half-round 

Half-round 

Square 


Square 

Square 

Square 

Square 

Screw-head . . 
Three  square 
Three-square 
Three-square 
Three- square 
Three-square 
Three-square 
Three-square 


Bastard 

Second  out 

Smooth 

Smooth,  Stub's 

Smooth,  Grobet,  No.  6 

Stub's 

Bastard 

Bastard 

Smooth 

Dead-smooth,  Stub's 

Dead-smooth,  Grobet,  No.  6. 

Bastard 

Second  cut 

Smooth 

Dead-smooth 

Dead-smooth,  Grobet,  No.  6. 

Dead-smooth,  Stub's 

Bastard 

Second  cut 

Second  cut,  single 

Smooth 

Smooth,  single 

Dead-smooth,  Stub's 

Dead-smooth,  Grobet,  No.  6. 


Iiidus. 

2  to  2] 

2  to  10 

2  to  10 

2to 

« 

3to 

6 

3to 

8 

3  to  12 

8  to  12 

3to 

8 

3to 

7 

3to 

6 

3  to  12 

3  to  12 

2to 

8 

2to 

0 

2  to 

5 

2to 

3 

6  to  10 

2to 

6 

2to 

0 

2  to 

• 

2to 

6 

2to 

5 

2to 

5 

2. — Forging  shop. 

FILES  USEa 


Component. 


Barrel 


Ramrod 
Bayonet 


Operation. 


Mn/'Zle,  first  filing 

Muzzle,  first  filing 

Front  sight,  stud  filing . . 
Muzzle,  second  tiling  — 
Front  sight,  stud  jigging 

Muzzle,  finishing ' 

Muzzle,  finishing ' 

Slot  filing 

Slot  filing 

Slot  filing I 

Socket  burring ' 

Slot  filing 

Slotfiling.\ ! 

Slot  filing i 

Slot  filing I 


Kind. 


Mill-saw 

Float i 

Flat ' 

Float  

PUlar 

Flat 

Pillar I 

Hand 

Hand 

FUit 

Round 

Flat I 

Flat 1 

Pillar I 

Round 


Cut. 


•Length. 


Iiielus, 

S<'Cond  cut I  14 

Smooth !  12 

Smooth 12 

Smooth 12 

Second  cut 8 

Dead-smooth 12 

Second  cut 8 

Second  cut  (cut  on  edge)  '  10 

Second  cut  (round  edge) .  8 

St'cond  cut 6 

Bastard 12 

Second  out ^ 12 

Smooth 10 

Smooth 10 

Secondcut 8 


Special  files  made  at  National  Armory  for  forging  shop. 

Twelve-inch  hand,  U  inches  wide,  dead-smooth,  single  cut. 
Twelve-im;h  hand,  i\  inches  wide,  skew-cut,  smooth. 
Nine.inch  pillar,  A-incli  wide,  skew-cut,  HmiM>th. 

Five-aud-a-nalf-incu  equaling,  round  edges,  skew-cut,  second  cut,  .38-inch  wide,  .075  thick  before  ont- 
ting,  for  rod-head  slot. 

'A. — Milling  shop. 


FILES  USED. 


Component. 


Barrel 


Operation. 


Kind. 


Cut. 


'l.ttngtii. 


Inches, 


Fourth  turning Hand 

Fifth  turning Hand 

Sixth  turning Hand 

First  drilling Hand 

Seventh  turning Hand 

Countersinking Hand 

Profiling '  Hand 

Tapping Hand 

Filing Hand 

Filing Hand 

Filing Hand 

FUlng Hand 


Second-cut  fioat 

12 

Second  cut  float 

12 

Smooth 

Smooth 

0 

Smooth 

8 

Smooth 

8 

Smooth 

Smooth 

Bastard 

Smooth 

Dead-smooth  

8 

e 

8 
8 
8 

Dead-smooth 

4 
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Files  used  at  the  National  Armory,  <f'c. — Continued. 


Component. 


Bridle 

Breech  screw 


Breech  hlock  cap 
Breech  block 


Batt  plates 


Cam  latch . 
Extractor . 


Firing  pin  . . 

Front  sij^ht . 
Hinge  pin... 

Hammer  — 

Lock  plate . '. 
Receiver 


Kamrod  8top 


Kear-sight  base  spring 
Rear-sight  bases 


Rear-Bight  leaves 


Rear-sight    biickhorn 
plates. 


Rear-sight  slide  plates . 


Operation. 


First  milling  

Second  milling 

Third  milling i 

Third  milling | 

Second  filing 

Second  filing i 

Drilling i 

First  milling 

Second  milling 

Third  milling.' 

Fourth  milling 

Fifth  milling 

Seventh  milling 

Ninth  milling 

Tenth  milling 

Fifth  profiling 

First  filing 

First  filing 

First  filing 

Second  filing 

Second  filing 

Second  filing 

Firnt  filinsr 

Ninth  milling 

Burring 

Second  milling 

Third  milling I 

Third  milling 

Fourth  milling 

Profiling 

Profiling ' 

Fifth  milling j 

First  profiling 

Sixth  milling 

Filing 

First  milling 

First  milling 

Drilling 

Third  milling 

First  profiling 

First  profiling 

First  milling 

Fourth  profiling 

First  milling 

Third  milling 

Fourth  milling 

Fifth  milling 

Fifth  mUling 

Third  drilling 

Sixth  milling    j 

Seventh  milling 

Sec4»nd  profiling \ 

First  tiline , 

Third  milling 

Fourth  milling 

Fourth  milling 

Burring 

First  milling ' 

Second  milling 

Third  milling 

Fourth  milling 

Burring 

Burring 

Seventh  milling 

First  milling 

Second  milling 

Sixth  milling  and  burring 

First  milling 

Second  milling ' 

Third  milling  ! 

Third  milling   | 

Drilling  and  reaming  . . .  j 
Drilling  and  reaming  ... 

Fifth  milling .....' 

Fifth  milling 

Fifth  milling ; 

Fifth  mUling 

First  milling 

Second  milling 

Second  milling 

Counterborlng 

Tapping 


Kind. 


Cut 


Length. 


Hand 

Hand 

Hand 

Three-square 

Hand 

Three-square 
Hand 


Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Half-round.. 
Half-round . . . 

Round 

Half-ronnd... 
Half-round. . 
Half-round.. 
Hand 


Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand...... 

Half-round 

Hand 

Hand 

Flat 

Hand 

Hand 

Flat 

Half-ronnd 

Flat 

Half-round 

FUt 

Half-ronnd 

Plat 

Flat 

Hand 

Flat 

Flat 

Flat 

Flat 

Flat 

Flat 

Flat 

Hand 

Hand 

Half-round 

Hand 

Flat 

Flat 

Flat 

Hand 

Hand 

Hand 

Flat 

Flat 

Flat 

Flat 

Flat 

Hand 

Hand 

Half-round 
Half-ronnd 

Flat 

Hand 

Flat 

Half-ronnd 
Half-round 

Hand 

Hand 

Hand 

Hand 

Hand 


Smooth 

Inehet. 
6 

Smooth 

8 

Smooth 

8 

Smooth 

6 

Smooth 

Smooth 

10 
6 

Second  cut 

10 

Bastard 

Second  cut 

12 
12 

Second  cut 

12 

Second  cut 

10 

Second  cut.' 

10 

Second  cut 

Second  cut 

10 
10 

Second  cut 

Second  cut 

10 
10 

Bastard  

Second  cut 

12 
12 

Second  cut 

10 

Bastard 

12 

Second  cut 

12 

Second  cut 

10 

Smooth 

Smooth 

Smooth 

10 
8 
6 

Bastard 

8 

Second  cut 

10 

Smooth 

7 

Bastarrl .* 

8 

Second  cut 

10 

Smooth 

Smooth 

7 
6 

Smooth 

Smooth ^ 

Smooth 

S 

6 

Smooth 

12 

Smooth 

6 

Bastard 

12 

Second  cut 

10 

Smooth 

10 

Smooth 

8 

Bastard 

12 

Bastard 

8 

Bastard 

12 

Bastard 

12 

Bastard 

12 

Second  cut 

10 

Second  cut 

12 

Second  cut 

10 

Second  cnt 

8 

Second  cut 

8 

Second  cut 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

1 

8 

6 

6 

10 

12 

12 

Smooth 

12 

Smooth 

Smooth 

8 
12 

Smooth 

8 

Smooth 

12 

Second  cut 

10 

Second  cut 

10 

Smooth 

Bastard 

Second  cut 

8 

12 

6 

Smooth 

Smooth   

Smooth 

8 
5 
7 

Smooth 

7 

Smooth 

9 

Second  cut 

0 

Second  cut 

ft 

Smooth 

5 

Smooth 

Smooth ' 

10 
7 

Smooth 

4 

Smooth 

6 

Smooth 

6 
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FUes  used  at  the  National  Armory,  fc. — ContiDaed. 


Component. 


Bear-sight  slide  blocks 

Sears 

Side  screw  washers  . . . 
Tnmbler 

Thumb  pieces 


Butt  plate  covers,    car- 
bine. 


Screw-driver  blades,  small 
Screw-driver  blades^  large' 


Headless  shell  extractors 


Operation. 


Second  milling  and  bnrr- 
ing. 

Third  milling 

Filing 

Fifth  milling 

Squaring 

Crowning 

Second  milling 

Second  profiling 

Second  profiling 

Third  milling 

First  profiling 

Second  profiling 

DrUling 

Fifth  milling 

Sixthmilling 

Bnrriag 

Fii-st  milling 

First  milling 

First  drilling 

Second  railhng 

First  milling , 

Heading 

Barring 

Inspection 

Inspection 

Inspection , 

Inspection 

InsjMH-tion 

Inspection 

Inspection 

Inspection 

Inspection , 


Cut. 


Smooth 


Hand 

Flat 

Hand 

Hand 

Hand 

FUt 

Hand 

Hand 

Square 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Flat 

Flat 

Hand 

Flat 

Flat 

Flat 

Flat 

FUt 

Half-round  . 

Hand 

Square 

Bound 


Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Second  cut... 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Bast.U'd 

Second  cut... 

Smooth 

Smooth 

Dead-smooth 
Dead-smooth 
Dead-smooth 

Smooth '. 

Smooth 


lidDgth. 


Jndkit. 

12 

LO 

10 

8 

S 

10 

U 

10 

8 

6 

8 

8 

8 

6 

8 

6 

12 

6 

8 

6 

12 

10 

10 

12 

13 

10 

6 

6 

6 

4 

8 

8 


4.— Filing  department. 


FILES  USED. 


Component. 


Bayonet 


Bayonet  clasp. 


Beceiver 


Operation. 


Kind. 


Cut. 


Length. 


Second  filing 

Second  filing 

Second  filing 

Second  filing 

Assembling 

JiRging 

^ifi'J.'?''.::::::::::::: 

Filing 

Filing 

Filing 

Filing 

First  rotary  filing. . . 
Second  rotary  filing. 
Third  rotary  filing .. 


Third  shaving 
Third  shaving 


Fitting 

Fittinc 

Second  filing. 
Second  filing . 
Second  filing. 
Second  filing. 
Second  filing. 
Second  filing. 
Second  filing. 
Second  filing. 
Second  filing. 
Numbering . . 
Third  filing.. 
Thiitl  filing.. 
Third  filing.. 


Hand 

Half-round  .. 
Three-B<}nare 
Half-round  .. 

Square 

Bound 

Square 

Hand 

Hand 

Half-round  .. 

Hand 

Hand   

Botary 

Botary 

Botary 


Half-round 
Pillar 


Cant  

Hand 

Flat 

Flat 

Bound 

Bound 

Hand 

Half-round... 

Pillar 

Half-round. ., 
Half-round... 

Flat 

Hand 

Oant<  .a....... 

Pillar 


Skew-cut,  smooth 

Bastard 

Second  cut 

Smooth 

Second  cut 

Second  cut 

Bastard 

Skew-cut,  smooth , 

Skew-cut,  smooth 

Smooth 

Smooth 

Second  cnt , 

Bastard  (diameter  f  inch) 
Bastard  (diameter f  inch) 
Second  cut  (diameter  A 

inch). 

Second  cut 

Second  cut  (cut  on  one 

edge). 

Smooth 

Smooth 

Skew-cat,  second  cut ... 

Skew-cut.,  smooth 

Smooth 

Dead-smooth 

Second  cut 

Dead  smooth 

Skew-cut,  smooth 

Bastard 

Sn'ooth 

Skew-cut,  smooth 

Second  cut 

Second  cut 

Second  cut   (beveled 

e<lge8). 


Inehet. 

7 

5 

4 

8 

8 

6 

11 

10 

6 

'    6 

6 

6 


w 


7 
7 

7 
7 
8 
0 
6 
6 

e 

6 

8 
8 
8 
9 
6 
4 
8 
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Component. 


Operation. 


BeceiTer  

Breech  blockli 


Third  filing. 


Gam  latch 


Thumb  piece 
Extractor.... 


Hinge  pin 

Bear-sight  base 


Bear-sight  leaf. 


Bear-dght     buckhorn 
plate. 


Second  filing.... 
Second  filing — 
Second  filing — 

Second  filing 

Second  filing  — 

Second  filing 

Second  filing 

Second  filing — 

Finishing 

Finishing 

Finishing 

Second  filing 

Second  filing 

Second  filing 

Second  filing..., 

Second  filing 

Filing , 

FilUig 

Filing 

Jigging 

JiRKing 

Jig>:ing 

Jigging 

FiTing* 

Filing 

Riveting 

Kiveting 

Filing 

Filing 

Finishing 

Finishing 

Finishing , 

Second  shaving 
Second  shaving 
Secoud  shaving 

First  filing 

First  filing 

Second  filing 

Jigging 

Jigging 

Jigging 

JiK«:ing 

Jigging 

Jigging 

Jigging 

Jigging .. 

Finishing 

Filing 


Kind. 


Cut. 


Pilhur 


Bear-sight  slide  plate . . 

Bear-sight  slide bloik . . 

Bear-sight  slide  spring. 

Bear  siffht  

Upper  band 

Band  spring 


Filing 

Filing 

Filiiyr 

Filing 

Filing 

Filing 

Filing 

Filing 

Filing 

Filing 

Cornering 

('omering 

Cornering 

A(\iu8tiug  and  curving. 
At^justiug  and  curving. 


Burring. 
Filing  .. 
Burrutg. 


Guard  bow Swiveling. 


Onard  plate , 
Bridle 


Hammer . 


Fitting  .. 
PMling  ... 
Filing  — 
Filing  ... 
Filing  ... 
Filing  ... 
Filing  ... 
Filing  ... 
Finishing 


Flat 

Flat 

Bound 

Bound : 

Half-round 

Flat 

Hand 

Flat 

Half>round  ... 

Hand 

Hand 

Half-round 

Hand 

Pillar 

Hand 

Hand 

Half-round  .. 

Half-i-ound 

Hand  —  /.... 
Three-square  . 
Three-square  . 

Hand 

Hand 

Flat 

Cant 

Pillar 

Half-round  — 

Hand 

Hat 

Hand 

Half-round  .. 

Cant 

Half-round 

Pillar 

Cant 

Hand 

Flat 

Hand 

Pillar 

Hand 

Hand 

Fhit 

Hand 

Hand 

Hand 

Hand 

Cant 

Hand 

Pillar 

PiUar 

Hand 

Half-round  — 

Hand 

Hand 

Hand 

Pillar 

Pillar 

Hand   

Hand 

Pillar 

Pillar 

Hand 

Pillar 

Cant   

Bound 

Flat 

Three-square  . 

Square 


Length. 


Flat    

Hand 

Flat 

Half-round.. 

Cross 

Hand 

Half-round.. 
Half-round.. 
Half-round  . 


Second  cut  (cut  on  one 
edge). 
Skew-cut,  second  out . . . 

Skew-cut,  smooth 

Smooth 

Dead-smooth 

Smooth 

Bastard 

Skew-cut,  smooth 

Second  out 

Smooth ..., 

Smooth 

Second  cut 

Dead-smooth 

Second  cut 

Bastard 

Skew-out.  second  out. . . 

Second  cut 

Dead-smooth  (high  back) 

Smooth 

Skew-cut,  second  out. . . 

Bastard 

Smooth 

Skew-cut,  smooth 

Dead-smooth 

Skew-out,  smooth 

Smooth    

Skew-cut,  second  cut... 

Dead-smooth ' 

Skew-cut,  second  cut... 

Skew-cut,  smooth 

Dead  smooth , 

Dead-smooth 

Smooth  ..     ........ .....| 

Second  cut  (high  back) .  | 

Smooth 

Smooth 

Skew-cut,  second  cut . . . 
Skew-cut,  second  out... 
Skew-cut.  second  cut... 
Bastard  (cut  on  edges) . . 

Bastard 

Skew-cut,  smooth 

Dead-smooth 

Dead-smooth 

Skew-cut,  smooth 

Skew-cut^  smooth 

Dead  smooth 

Dead  smooth 

Skew-cut,  second  cat . . . 
Skew-cut,  second  cut . . . 
Skew-cut,  second  out ... 

Dead-smooth 

Dead-smooth 

Skew-cut,  second  cut . . . 

Skew-cut,  smooth 

Skew-cut,  second  cut . . . 
Skew-cut,  second  cut . . . 

Dead-smooth   

Demt-sniooth 

Dead-sraooth 

Dead-smooth 

Skew-rut,  dead-smooth. . 

Smooth 

Smooth 

Smooth 

Dead-HUiooth 

Secouil  cut 

Smooth 

S2  sides  safe.  1 
I  side  sm'h.  > 
Isidebst'd.  > 

Second  cut  (thin) 

Smooth 

Skew-cut,  second  out . . . 

Smooth 

Smooth 

Skew-cut,  smooth 

Bastard 

Second  cut 

*Smooth 


Inches. 
7 

9 
9 
6 
6 

7 
8 
8 
8 
6 
6 
6 
6 
4 
10 
10 
5 
6 
7 
9 
8 
7 
8 
6 
8 
4 
10 
6 
TO 
10 
5 
5 
5 
9 
9 
5 
9 
8 
8 
11 
10 
10 
8 
6 
7 
6 
5 
4 
10 
10 
8 
5 
5 
5 
5 
10 
8 
7 
6 
11 
7 
7 
5 
10 
4 
9 
8 
6 

11 

4 
10 
10 

I 

8 
10 
8 
6 
0 
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Files  used  at  the  National  Armory,  <f'c. — Continued. 


Componont. 


Operation. 


Look  plate . 


Main-sprinji; 


Main-spiing  awtvel 


Sear 


Sear  aprixig 
Tumbler... 


Lock 


Ramrod  stop 

Batt-plateA,  carbine. 


Filing  ... 
Filing  ... 
Filing  ... 
Filing  ... 
Filing  ... 
Stamuing 
Finianing 
Finishing 
Finishing 


n 

it 


listing 
usting 
nsting 
usting 


A^  nsting 
Adjusting 


Butt-plate  cover,  carbine. 
Guard-bow,  carbine 


Filing 

Filing 

Filing  ....... 

Filing 

Filing 

Filing 

Filing 

Filing 

Filing 

Filing 

Filing 

FUing 

A(l,insting  ... 
Adjusting  ... 
A(liusting  ... 
A<^ usting  ... 
First  filing. . . 
First  tiling... 
First  filing. . . 
First  filing... 
First  filing... 
First  filing . . . 
First  filing... 
First  filing... 
First  filing. . . 
First  filing... 
First  filing... 
First  Hling... 
First  filing... 
First  filing... 
First  filing... 
First  filing... 
First  filing... 
First  filing... 
First  filing... 
First  filing... 
First  filing... 
Second  filing. 


Kind. 


Cut. 


;Length. 


Hand 

Hand 

Bevel  hand 


Hand 

Hand 

Hand   

Half-round 

Flat 

Hand 


Hand 
Hand 
Hand 

Hand 


Second  filing 

Second  filing 

Second  filing 

Second  filing 

Second  filing 

Assembling 

Assembling 

Assembling 

Ass(>mbling 

Assembling 

Filing 

Filing 

Fitting  and  draw-filing. . 
Fitting  and  draw-filing. . 
Fitting  and  draw-filing. . 
IiMtting  and  draw-filing. . 
Fitting  and  draw-filing. . 

Bnrring 

Filing 

FUing 


Hand 

Tbkt 

Hand 

Hand 

Flat 

Bound 

Hand 

Three-square 
Half-round  .. 
Three-square 
Three-square 

Rotary 

Knife 

Square 

Hand 

Half-round... 

Pillar 

Flat 

Pillar 

Half-round... 
Half-round... 
Half-round... 

Round 

Flat 

Half-round... 

Knife 

Knife 

Hand 

Cant 

Cant 

Cant 

Half-round... 
Three-S4iuare 

Hand 

Flat 

Saw,  beveled . 
Flat,  beveled. 
Three-square 

Hidf-round 
Half-round 
Half-round 
Half-round 
Half-round 

Flat 

Hand 

Flat,  thin  . 

Hand 

Cant 

Flat 

Half-round 
Half-i'onnd 
Half-round 
Three-square 

Cross 

Half-round 
Half-round 
Half-round 
Half-round 
Round  


.1 


Smooth 

Second  cut 

Second  cut 

Skew-cut,  bastard 

Skew-cut,  smooth 

Skew-cut,  smooth 

Dead-smooth 

Dead-smooth 

Smooth 

Smooth 

Dead-smooth 

Smooth 

Smooth 

Skew-cut, hook-file  knife- 
edge,  smooth. 

Smooth-cut    rotary  file, 
for  hook. 

Bastard 

Skew-cut,  amooth 

Smooth 

Bastard  

Skew-cut,  aeoond  cut . . . 

Bastard 

Skew-cut,  smooth 

Second  cut 

Smooth 

Bastard 

Second  cut 

Second  cut  (dlam.  ^  Ixl)  . 

Smooth 

Second  cut., '. . . . 

Smooth 

Dead-smooth 

Second  cut 

Skew-cut,  smooth 

Bastard 

Second  cut 

Smooth 

Second  cut  (high  back) . . 

Second  cut 

Skew-cut,  smooth 

Dead-smooth 

Second  cut 

Bastard 

D<uid-smooth 

Smooth  ..I 

Smooth 

Dead-smooth 

Dead-smooth 

Second  cut 

Smooth 

Second  cut 

Second  cut 

Second  cut 

Skew-cut,  smooth,  one 
safe  side. 

Dead-smooth 

Smooth,  high  back 

Dead-smooth  (No.  6)  .... 

Dea<l-smooth  (No.  4)  .... 

Smooth,  high  back 

Smooth 

Dead -smooth 

Dead-smooth 

Second  cut 

Second  cut 

Smooth 

Dead-smooth 

Smooth 

Dead  smooth 

Second  cut 

Smooth 

Dead  smooth 

Smooth  (No.  21) 

Bastard 

Bastard 

Smooth 


Inches. 

12 

12 

10 

12 

12 

12 

10 

6 

6 

8 

8 

9 

12 

10 


11 

6 

6 

10 

10 

12 

6 

6 

6 

9 

6 

2 

7 

6 

8 

7 

11 

10 

11 

8 

8 

8 
8 
8 
8 
8 
6 
5 
7 
7 
5 
8 
5 
4 
7 
8 
8 

6 
6 
4 
4 

8 
10 
4 
4 
4 
4 
8 
6 
8 
6 
6 
8 
8 
6 
12 
9 
6 
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Files  used  at  the  Xational  Armoriff  if*c, — Continued. 

APPENDAGES. 


Component. 


Operation. 


Kind. 


Cut. 


Length. 


Headless  shell  extractor .    Filing 

Sorew-driverblade^  large.    Filing 

,  Filing 

JiRjring 

Jigging 

Screwdriver, comb. M 79 .    Asftembling . 

Assembling. 

Finishing... 

Steel  bayonet  scabbards  .    Burring 

,  Burring 

Inspecting.. 

Inspecting.. 
,  Inspecting.. 
'  Inspecting.. 

Inspecting . . 

Inspecting . . 

Inspecting . . 

Inspecting . . 

Inspecting . . 

Inspecting.. 

Inspecting . . 

Inspecting . . 

Inspecting . . 

Inspecting . . 

Inspecting.. 

Inspecting  . 

Saw-flling  .. 

Saw-filing... 

Saw-filing  .. 

SaW'flling... 


Three-square 

Round 

Hand,  thin... 

Pillar 

Square 

Flat 

Flat 

Hand 

Flat 

Half-round... 

Hand 

Halt-round... 

Hand 

Square 

Cant 

Hand 

Flat 

Flat 

Hand 

Half-round . . . 
Half-round... 

Flat 

Hand 

Flat,  thin.... 

Hand 

Cant 

Three>square 
Three-square 
Three- square 
Three-square 


Dead-smooth 

Second  cut 

Second  cut 

Skew-cut,  second  cut  . 

Second  cut 

Skew  cut,  second  cut  . 

Second  cut 

Second  cut 

Second  out 

Second  cut 

Second  cut 

Dead-smooth... 

Dead-smooth 

Smooth 

Dead-smooth 

Dead-smooth 

Skew-cut,  second  cut . 

Dead-smooth 

Smooth 

Dead-smooth 

Second  out  (low  back) 

Smooth 

Dead-smooth 

Dead-smooth 

Second  cut 

Second  cut 


Inch€$. 

5 
6 
5 

10 
8 

12 
9 
9 

10 
6 
5 
4 
4 
7 
4 
C 

10 
6 
6 
6 
8 

10 
4 
4 
4 
4 
3 
4 
5 
6 


5. — Special  files  made  at  thb  national  armory  for  filing  shop. 

8-iiich  flat,  skew-cut,  smooth,  beveled  edges  49^.  for  tumbler  notches. 
10-inch  hand  oval,  f  inch  wide,  coarse,  smooth,  lor  main  springs. 
10-inch  half-round,  high  back,  ^  inch  wide,  smooth,  for  rear-sight  base 

hinge. 
9-inch  pillar,  oval,  f  inch  wide,  second  cut,  for  sear  springs. 
10-inch  pillar,  slightly  oval,  J  inch  wide,  skew-cut,  for  screwdriver 

large  blade. 
11-inch  pillar,  ^  inch  wide,  .27  inch  thick,  cut  on  two  edges  bastard,  for 

jig-filing  slot  of  rear-sight  leaf. 
10-inch  pillar,  skew-cut,  smooth,  beveled  edges  71°,  for  buckhorn. 
10-inch  pillar,  skew-cut,  smooth,  i  inch  wide,  for  top  of  rear-sight  base 
front  of  ears. 
7-inch  pillar,  second  cut  on  one  edge,  J  inch  wide,  .15  inch  thick,  for 

receiver  under  hinge. 
6-inch  pillar,  skew-cut,  beveled  edges  69^,  for  under  ends  of  buckhorn. 
8-inch  pillar,  skew-cut,  second  cut  ^^e  ^^ch  wide,  for  burring  rear-sight 
base  inside  after  knurling. 

6. — Stocking  Shop, 
files  used. 


Component. 


Operation. 


Stock Shaping 


!         Kind. 

Cut. 

Length. 

Round 

Second  out .............. 

Inches. 

7 

Flat 

Second  cut 

12 

1 
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Filea  used  at  the  Natiofial  Armory,  j'o, — Continned. 
7. — Carpenter  Shop. 


Component 


Operation. 


Kind. 


Cut. 


Flat 

Flat 

Tbree-equare  . 
Three-sqaare . 
Three-sqaare . 
Three-square . 
Three-eqnare . 
Flat,  thin 


Second  oat 

Skew-out,  smooth 

Second  cnt 

Skew-ont,  second  cut 
Skew-cut,  seo(Mid  cut 
Skew-cut,  second  cut 
Rkew-cnt,  second  cat 
Dead-smooth 


Length 


8 

11 

8 

8 

4 
5 

4 


8.— Pattern  Shop. 


Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 


making 
making 
making 
making 
making 
making 
making 
making 
mailing 
making 
making 
making 
making 
making 
making 
making 
making 
making 
making 
making 
making 
making 


Flat 

Flat 

Square 

Round 

Cross 

Half-round... 
Half-round — 

Flat 

Half-round 

Half-round 

Hand 

Half-round.... 

Hand 

Half-round  — 
Three-square  . 

Round 

Flat 

Hand 

Round 

Cross 

Cross 

Cross 


Bastard 

Skew-out,  second  cut . 

Wood  rasp 

Wood  rasp 

Wood  rasp 

Wood  rasp 

Wood  rasp 

Stockers,  soft,  bsatard. 

Second  cut 

High  back,  smooth  . . . 

Bastaid 

Sc»coud  out 

Smooth 

Second  cut 

SiH'.ond  cut 

Smooth 

Skew-cut,  second  cut  . 

Smooth 

Wood  rasp 

Second  cut 

Second  cut 

Second  cnt 


12 

\^ 

11 

11 

11 

1» 

8 

12 

8 

7 

8 

T 

9 

9 

7 

» 

9 

4 

8^ 

12 

8 

7 


Part   Y. 


I. — OLOSSARIi^  DESCRIPTION. 

The  terms  defined  and  files  described  under  this  heading  have  been 
principally  compiled  from  Nicholson's  Treatise  on  Files  and  Knight's 
Mechanical  Dictionary. 

Angula/r  file, — ^A  locksmith's  file  for  woricing  into  the  comers  of  the 
wards  of  keys. 

Arm  file. — ^A  name  from  the  German — a  hand  file. 

Back, — A  term  used  to  describe  the  convex  side  of  half-rounds,  cabi- 
nets, pit-saw,  and  other  files  of  similar  cross-sections. 

BaUmee-wheel  filCy  or  swing-wheel  file  [Horology), — A  file  adapted  to  cat 
out  the  sectors  from  the  circular  steel  plate  which  forms  the  blank  for 
the  balance-wheels. 

Band-saw  file, — A  small,  tapering,  blunt  file ;  triangular  section,  edgea 
blunted ;  considerably  finer  cut  than  hand-saw  files. 

Barrel-lwle  file, — A  watchmaker's  file. 

Bastard  file, — One  of  a  grade  between  the  rough  and  the  smooth  in 
respect  to  the  relative  prominence  and  coarseness  of  the  teeth.  The 
angle  of  the  chisel  in  cutting  the  bastard  file  is  about  10^  from  the  per- 
I)eiidicular. 

Blank, — See  File  blank. 
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Blunt  file, — A  file  which  has  but  a  slight  taper.  It  is  a  grade  between 
the  regular  taper  aud  the  dedd  parallel  file. 

Boot-heel  file.^BeLwie  as  flat  file,  except  lighter.  One  side,  rough  single 
cut;  the  other,  coarse  double-cut.    Length,  12  to  18  inches.    Used  by 
boot  and  shoe  manufacturers  for  roughing  down  pegs  and  nails  in  finish^ 
ing  the  bottoms  of  bpots  and  shoes. 

Bow  file, — A  curved  file;  a  riflier. 

Brass  bast4irdfile, — A  file  having  the  over-cut  very  open  and  with  con- 
siderable obliquity,  while  the  up  cut  is  quite  fine  and  runs  nearly  sti-aight 
across  the  file.  ^ 

Bra^s  coarse  file, — A  file  with  very  open  over  and  up-cut^  made  to  file 
rapidly.    Good  for  rough  work. 

Bread  rasp. — A  rasp  used  by  bakers  in  removing  the  burned  crust  of 
loaves  and  rolls,  especially  Fi-ench  rolls. 

Cahinet  file. — A  smooth  single-cut  file,  used  in  wood-working,  especi- 
ally by  furniture-makers  and  joiners.  Tapering  from  middle  to  point. 
Convex  sides  little  less  than  one-fifth  part  of  a  circle.  Length,  from  ^ 
to  14  inches,  usually  8,  10,  and  12  inches. 

Cant  file. — A  file  having  the  shape  of  an  obtuse-angled  triangle  in  its 
transverse  section;  used  in  filing  the  inner  angles  of  spanners  and 
wrenches  for  bolts  with  hexagonal  and  octagonal  heads.  The  salient 
angle  derived  from  the  hexagon,  known  as  six-canted. 

Carlet. — A  three-square,  single-cut  file  or  float,  used  by  comb-makers. 

Checlcering  file. — A  compound  file,  consisting  of  two  files  riveted  to- 
gether, and  wliose  edges  project  unequally,  so  that  one  acts  as  a  spacer 
in  check- working  the  small  of  gun-stocks,  t.  c.  Also  used  for  checking 
pistol-grips.  Used  by  cutlers  in  checking  their  work.  Called  also  double 
file.  Cooper's  double  file  has  a  re-entrant  angle,  used  for  sharpening 
pencils.    Checking  or  double  files  have  the  edges  V-shaped  and  cut. 

Circular  file. — A  circular  saw  or  serrated  disk,  adapted  to  run  on  a 
spindle  or  mandrel,  and  used  in  cutting  teeth  of  cog-wheels. 

Cohler. — A  bent  rasp  for  straitening  the  shaft  of  a  ramrod. 

Concavo-convex  file. — A  file  with  curved  faces,  respectively  concave 
and  convex,  made  by  cutting  a  flat  file  and  then  bending  it  into  shape 
between  dies.  The  mode  is  the  invention  of  Sir  John  Bobison,  presi- 
dent of  the  Scottish  Society  of  Arts,  and  is  designed  to  enable  the  con- 
vex side  to  be  cut  like  a  flat  flle  by  a  chisel  which  reaches  across  the 
edge,  instead  of  cutting  numerous  courses,  which  usually  cover  the 
convex  surfaces  of  files. 

Cotter  equaling.—A  file  having  same  section,  cut,  and  size  as  cotter 
taper,  but  made  equaling.  Of  limited  demand ;  used  for  same  puri>oses 
SkS  fiat-equaling  and  slotting  files. 

Cotter  file, — A  narrow  file  with  strait  sides,  used  in  filing  grooves  for 
cotters,  key:',  or  wedges. 

Cotter  taper  file. — A  file  made  from  pillar  section,  but  advancing  2 
inches  in  its  length  on  pillar  sizes :  thus,  a  6-inch  pillar  making  an  8-inch 
cotter,  &c.  Cut  double,  and  has  considerable  taper  on  both  its  sides 
and  edges.    Sometimes  called  taper  cotter.    Seldom  ordered. 

Cross-cut. — ^The  second  series  or  course  of  teeth  on  a  double-cut  file. 
Another  name  for  the  up-cut  or  top-cut. 

Cross  file. — A  file  used  in  dressing  out  the  arms  or  crosses  of  fine 
wheels.  It  has  two  convex  faces  of  different  curvatures.  It  is  also 
known  as  a  double  half-round  file. 

Cutting  file. — The  toothed  cutter  of  a  gear-cutting  engine. 

Dead-smooth  file. — A  file  whose  teeth  are  of  the  finest  and  closest 
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quality.    The  angle  of  the  chisel  in  cutting  is  about  4^  from  the  perpen- 
dicular.   Sometimes  called  a  superfine  file. 

Dentut  files. — These  are  numerous  and  various  in  design,  but  are  not 
given  here. 

])ovi<rr  file. — A  smooth,  double-cut  tile,  made  equaling  in  shape  from 
flat  and  Aaw<Zfile  sections,  for  the  use  of  calico  printers.  Length  usually 
14  inches.    It  is  used  for  straitening  the  edges  of  '* doctor  plates." 

Double  cut  file. — One  which  has  two  rows  of  teeth,  crossing  each  other 
at  an  angle,  in  contradistinction  to  ♦^he  singlecut  ov  floaty  which  has  but 
one  row. 

Douhle-ender  hand-saw  file. — A  ftort  hand-saw  file,  in  which  the  one 
end  is  used  as  a  tang  to  hold  the  handle  until  worn,  when  tlie  handle  is 
changed  and  the  other  end  used  for  tiling. 

Double  file. — See  Checkering  file. 

Double  half -round  file. — A  tile  whose  sides  are  curved,  the  edges  form- 
ing cu9ps,  the  arcs  of  the  sides  being  less  than  180^ ;  used  for  dressing 
or  crossitig  out  balance-wheels,  and  hence  known  as  a  cross  file.  The 
convex  edges  have  usually  different  curvatures.    See  Cross  file. 

Double-ta/ng  file. — A  file  with  a  tang  at  each  end,  to  adapt  it  to  receive 
the  handles.  Applied  to  rubbers  or  other  very  heavy  files.  To  be  used 
by  two  persons. 

Dovetail  file. — A  thin  file  with  a  tin  or  brass  back,  like  the  stiffener  of 
a  dovetail  or  tenon-saw. 

Endless-screw  file. — A  watchmaker's  file. 

Entering  file. — A  narrow,  flat  file  with  considerable  taper,  to  enable  it 
to  enter  and  open  a  groove,  wiiich  may  be  finished  by  a  cotter  file. 

Equaling  file. — A  flat  flle  which  has  a  constant  thickness,  but  may 
taper  a  little  as  to  width.  The  watch  and  clock  equaling  files  have  the 
slight  taper.  Nicholson  uses  this  term  ^'to  describe  a  blunt  file  upon 
which  is  produced  an  exceedingly  slight  belly  or  curvature  extending 
from  point  to  tang,  the  file  apparently  remaining  blunt.  The  term  may 
be  applied  to  either  the  edges  or  sides  of  files  or  to  both. 

Feather-edge  file. — A  file  with  an  acute  edge,  the  cross-section  of  the 
file  being  an  isosceles  triangle  with  a  short  base;  a  knife  file;  little  used 
now. 

Finishing  second  cut  file. — In  this  the  first  or  over -cut  is  very  fine,  and 
contrary  to  the  general  rule  has  the  leiwt  obliquity;  the  up-cut  is  the 
coarser  of  the  two  cuts  and  has  an  unusual  obliquity;  so  made  to  finish 
finer,  free  itself,  and  prevent  clogging  and  gliding. 

File  blank. — A  piece  of  soft  steel,  shaped  and  ground  ready  for  cutting 
to  form  a  file. 

File  carrier, — A  tool-holder  like  the  stock  of  a  frame-saw,  and  used  to 
mount  a  file  in  a  manner  similar  to  that  of  the  saw  in  the  case  cited. 

File  chisel. — A  cold-chisel  used  in  cutting  files.  See  description  else- 
where. 

File  cleaner. — A  scratch-brush  of  wire;  a  thin  bra^s  edge  which  acts 
as  a  rake.  To  remove  wood,  dip  the  flle  in  hot  water  to  swell  the  wood; 
it  is  then  removed  by  a  hand  brush ;  the  warmth  evaporates  the  moisture. 

Filecutting  machine. — A  machine  by  which  files  are  cut  automatically. 
See  description. 

File  rasps. — Made  flat  and  half-round.  Thefi^t  have  one  side  punched, 
bastard,  rasp;  the  other  cut,  bastard,  double-cut;  the  edges  coarse, 
single-cut;  used  by  horseshoers  for  nice  work.  The  8,  10,  and  12-inch 
half-round  are  made  with  back,  rasp,  and  flat  side  tile-cut;  used  by 
farmers  and  wheelwrights. 

File  sharpening. — Worn  files  are  first  cleaned  by  hot  water  and  soda, 
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then  placed  in  connection  with  the  positive  pole  of  a  battery  in  a  bath 
comiK)sed  of  40  parts  of  sulphuric  acid,  80  paits  of  nitric  acid,  and  1,000 
parts  of  water.  The  negative  pole  is  formed  of  a  copper  spiral  surround- 
ing the  flies,  but  not  touching  them ;  the  coil  terminates  in  a  wire  which 
rises  toward  the  surface.  When  the  files  have  been  ten  minutes  in  the 
bath  they  are  taken  out,  washed  and  dried,  w^hen  the  hollows  will  be 
found  to  have  been  attacked  in  a  very  sensible  manner;  but  should  the 
efiect  not  be  sufiicient  they  are  replaced  for  the  same  period  as  before. 
Two  o)>erations  are  sometimes  necessary,  but  rarely. 

File  stripper, — "A  machine  in  which  a  worn-out  file,  after  being  soft- 
ened by  heat  and  slow  cooling,  is  smoothed  to  prepare  it  for  being  re- 
en  t.  In  the  example,  the  file  is  held  by  adjustable  jaws  upon  a  slightly 
rotating  bed  supported  by  springs.  The  cross-bar  to  which  the  stripping 
tool  is  attached  is  connected  at  each  end  by  a  connecting  rod  with  a 
crank  upon  the  end  of  the  driving-shaft,  and  which  may  be  elevated  to 
raise  the  stripper  off  the  file  through  the  instrumentality  of  a  rock-shaft 
and  a  system  of  levers  at  the  other  end.''    (Knight,) 

Filing  block, — "A  block  of  apple,  pear,  or  boxwood,  gripped  in  the 
Jaws  of  a  vise,  and  having  grooves  of  varying  depth  in  which  small 
rods,  bars,  or  wires  may  be  laid  to  be  filed.  The  wire  is  shown  as 
gasped  by  a  hand  vise."    {Knight,) 

Filing  machine, — 1.  A  machine  used  in  the  mint  to  reduce  the  weight 
of  coin  planchets  when  above  the  standard.  The  pieces  are  laid  parallel 
in  a  trough  and  their  edges  rest  upon  a  cylindrical  file,  whereby  a  por- 
tion of  metal  is  removed,  the  pieces  rotating  as  the  work  proceeds  in 
order  to  preserve  their  circularity.  2.  A  machine  in  which  a  file  is 
mounted  as  a  jig-saw ;  or  to  reciprocate  in  a  manner  similar  to  that  of  a 
file  in  the  hands  of  a  workman.  In  the  example,  the  file  receives  verti- 
cal reciprocation  from  a  pitman  whose  cross-head  has  a  horizontal  slot 
traversed  by  a  crank-pin  on  a  rotating  disk.  The  table  is  pivoted  and 
has  a  semicircular  rack  which  is  engaged  by  a  screw-gear  to  incline  the 
table. 

Filings  separator, — A  machine  in  which  filings  of  iron  and  copper  are 
separated  by  exposure  to  magnets  which  are  brought  into  contact  with 
all  of  the  particles  and  select,  retain,  and  remove  the  iron  particles  from 
those  of  brass  and  copper,  so  that  the  latter  may  be  used  for  remelting. 
There  are  several  forms  of  machines  for  the  purpose. 

Flat  file. — A  file  of  rectangular  section  and  wider  than  its  thickness. 
When  bellied  it  is  known  as  a  taper  file;  when  the  size  is  maintained 
from  end  to  end  it  is  known  a«  b,  parallel  file;  when  10  inches  or  less  in 
length,  generally  made  taper ;  when  longer,  full  taper.  Double-cut,  four 
varieties  of  teeth,  largest  proportion  being  bastard-cut ;  flat  bastard, 
most  common  flle  in  use,  employed  on  all  coarser  kinds  of  filing.  The 
Jlatj  second  cutSj  and  smooths  also  in  general  use  for  finishing  metal  for 
the  dead  smooth  file  and  emery  wheel. 

FUft  equaling  file, — A  double-cut,  principally  second-cut  or  smooth, 
made  equaling  in  shape.  Used  for  finishing  wide  mortises  on  cross- 
beads  of  engines  to  prepare  them  for  gib  and  key. 

Flat  wood  file.^A  taper  file  made  from  the  "flat"  sections,  having  a 
coarse  double-cut;  the  sizes  range  from  8  to  16  iuches  in  length.  They 
a.re  in  regular  but  limited  use  at  the  present  day. 

Float. — A  single-cut  file,  or  one  in  which  the  teeth  are  parallel  and 
unbroken  by  a  second  row  of  crossing-teeth.  The  usual  horizontal  ob- 
liquity of  the  teeth  relative  to  the  central  line  of  files  is  55°,  but  single- 
cut  files  are  much  less  inclined,  and.the  teeth  oi  floats  are  sometimes 
square  across  the  face  of  the  file.    The  floats  of  comb-makers  and  ivory- 
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carvers  are  made  of  various  shapes,  and  those  of  the  former  are  kuown 
by  their  specific  names  as  graille^  found^  carlet^  topper.  The  teeth  have 
a  forward  inclination  of  about  15°  and  are  made  by  a  file,  not  by  a 
chisel.  They  are  of  a  lower  .temper  than  usual,  and  are  sharpened  by  a 
burnishei. 

Found. — A  three-square,  single-cut  file  or  float,  with  one  very  acute 
angle;  used  by  comb-makers. 

Frame-saw  file. — The  pitmw  file  is  in  some  places  called  the  fi-ame-saw 
file ;  it  is  used  to  file  frame-saws,  which  in  shape  resemble  veiy  nearly 
pit-saws. 

Full-taper  fiU.^— In  Nicholson's  classification,  taper  file  is  defined  to  be 
a  file  the  point  of  which  is  more  or  less  reduced  in  size  by  a  curved  taper 
extending  from  one-half  to  two  thirds  thelength  of  the  file  from  the  point. 
Bjfull  taper  he  describes  any  file  which  is  not  only  tapered  at  the  point, 
but  in  which  a  slight  curvature  is  continued  to  the  heely  its  greatest  cross- 
section  being  at  or  near  the  middle  of  the  file.  The  t^vm  full  taper  may 
be  applied  to  either  the  edges  or  sides  of  files,  or  to  both;  though  it  is 
usually  applied  to  the  sides,  and  is  sometimes  called  bellied, 

Oangedger  file. — A  single-cut  blunt  file  from  mill  sections.  It  is 
shorter  than  a  mill  file,  being  8  inches  long  with  10-inch  mill  section* 
Used  for  sharpening  the  gangs  of  saws  employed  for  edging  boards  in 
the  machines  known  as  '^gang-edgers"  without  removing  the  saws  from 
their  arbor;  also  for  sharpening  the  knives  of  rotary  planers  while  on 
the  cylinder. 

Gin-saic  file. — Made  from  knife  sections  and  tapered,  cut  single  on 
sides,  and  thin  edge,  like  hand-saw  file ;  used  for  filing  the  saws  used  in 
cotton-gins.    Length  usually  3J  and  4  inches. 

Oraille. — A  single-cut  file  or  float,  having  one  curved  face  and  a 
strait  one,  used  by  comb-makers. 

Gnlleting  file. — Tliis  is  a  round,  blunt^  single-cut  saw  file. 

Half-round  file. — A  file  flat  on  one  side  and  rounding  on  the  other. 
The  curve  usually  varies  from  the  half  to  the  twelfth  of  a  circle,  but  the 
name  half-round  is  indiscriminately  applied.  Files  with  the  larger  curv- 
ature are  known  as/«W  half-rounds,  others  as/af  half-rounds.  The  con- 
vex side  can  be  used  on  a  variety  of  concave  work.  Flat  side  is  used 
for  general  purposes ;  the  acute  angle  of  edges  enable  it  to  be  used  where 
flat,  square,  or  three-square  files  cannot  enter. 

Halfrovnd  woodfile^. — These  files  are  similar  in  section  and  tapered  like 
the  half-rounds ;  length  usually  from  10  to  1 4  inches.  Cut  coarse,  double ; 
for  the  use  of  wood- workers. 

Half  thick  file. — A  large,  coarse  file  with  three  flat  and  one  rounded 
side.    It  is  used  as  a  rubber  file  for  coarse  work. 

Hand  file. — A  somewhat  generic  term  including  most  forms  of  files. 
It  is  cut  double;  one  edge  cut  single^  other  edge  left  safe.  Full  tai)ered 
on  sides  and  neariy  parallel  in  width.  Bjistard  most  common  grade; 
second  cut  and  smooth  good  deal  uscmI  ;  and  for  smaller  sizes,  dead 
smooth.  This  file  is  generally  preferred  by  machinists  and  engineers 
for  finishing  flat  surfaces,  owing  to  its  having  one  safe  edge. 

Hand  equaling  file, — The  hand  sections  sometimes  made  equaling.  The 
cut  and  uses  are  about  the  same  dbsfiat  equaling  file. 

Handsale  blunt. — Not  a  common  file.  Edges  set  and  cut,  single  or 
double,  like  hand -saw  tai)er  file. 

Hand  saw  taper  single  cut. — A  tapered,  triangular  file,  ranging  in  length 
from  2  to  12  inches  (by  half  inches  below  O-inch),  with  3  to  5  inches  as 
the  most  common.  The  edges  are  first  blunted  or  "  set "  and  then  cut- 
then  sides  stripped  and  cut. 
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Band-saw  taper  double  cut — Similar  to  the  above,  except  they  are  double 
cat.  The  edges  are  set  and  cut  like  the  siugle-cut  saw  files.  The  three 
sides  usually  second  cut ;  lengths  usually  from  3  to  6  inches* 

High-hack  file, — A  file  with  greater  curvature  than  the  half-round  file, 
usually  tapered  but  sometimes  blunt.    They  are  double-cut. 

Hollow  edge  file, — A  file  with  a  concave  edge  fiDr  dressing  teeth  or  small* 
gear  wheels  and  pinious. 

Hook'tooihfile. — A  saw  file,  blunt,  half-round  sections,  from  6  to  12  inches 
long.    Bastard  or  second  cut,  single;  used  for  filing  '<  hook-tooth"  saws* 

Hopped, — A  term  used  by  file-makers  to  represent  a  very  coarse  or  open 
spacing  of  the  teeth  (sometimes  greater  than  ^  inch),  generally  applied 
to  the  backs  of  half-rounds  and  to  the  edges  of  rectangular  sections. 

Joint  file, — A  small  file  without  taper  and  circular  in  its  cross-section. 
It  is  used  for  dressing  out  the  holes  for  the  joint  wire  in  snufi'-boxes,  &c., 
and  for  preparing  the  apertures  for  the  pintles  of  hinges. 

Key  file. — A  flat  file  having  a  constant  thickness,  and  used  in  filing 
the  ward-notches  in  keys. 

Kit  files, — An  assortment  of  twelve  very  small  files,  sold  for  shoemakers' 
use  in  repairing  their  tools. 

Knife  hhinU, — Files  similar  to  knife  files,  which  see. 

Knife  file, — A  file  with  a  very  acute  edge,  the  cross-section  being  an 
i808iM3les  triangle  with  a  short  base ;  known  also  as  a  feather-edge  file. 
It  is  used  in  cutting  narrow  notches,  and  in  making  an  entering  kerf 
for  >aws  and  for  tiles  with  broader  edges,  also  in  beveling  or  chamfering 
the  sides  of  narrow  grooves. 

Leadfioat  file, — A  very  coarse  single-cut  file  for  use  on  soft  metals, 
lead,  pewter,  &c.  Teeth  very  open  to  prevent  clogging,  and  having 
small  horizontal  obliquity  to  prevent  gliding ;  usually  made  in  8, 10,  and 
12  inch  fiats  and  half  rounds;  used  chiefly  by  plumbers. 

Lightning  file. — J^  file  for  ^^  lightning  saws";  obtuse  angle  smaller  than 
for  cant  file;  is  deiived  from  the  pentagon,  known  as  ^^five-canted." 

Ij4rc1f  file, — A  slitting  file  knife-shaped,  for  cutting  out  the  wards  in 
the  bit  of  the  key. 

Machine  mill  file, — A  file  adapted  to  a  machine  used  for  filing  gang 
mill  saws  in  lumber  mills,  edges  generally  square,  cut  like  mill  files. 

Marble  worJcer^s  files. — The  files  and  rasps  of  the  marble-worker  and 
sculptor  are  of  various  shapes  and  grades  of  fineness. 

The  principal  kinds  are: 

1.  Half-round  rasp. 

2.  Bound  file. 

3.  Flat  file. 

4.  German  half-round  rasp. 

5.  Safe-side  rasp. 

6.  Perforated  file.     {Hiram  Powers.) 
Marking  file.See 'Nicking  Me. 

Middle-cut  file, — A  file  whose  teeth  have  a  grade  of  coarseness  between 
the  rough  and  bastard. 

Mill  blunt. — A  mill  file  sometimes  made,  generally  double-cut;  seldom 
below  8  inches  in  length ;  used  in  machine  shops  for  working  out  nar- 
row mortises ;  edges  sometimes  ground  to  suit  the  gullets  in  the  teeth 
of  saws  upon  which  they  are  to  be  used,  and  cut  single;  called  equaling 
files  by  some  authors. 

Mill  file, — A  file  with  a  slight  taper  both  in  the  thickness  and  width, 
from  the  middle  to  the  point ;  used  for  sharpening  mill  saws,  hence  the 
name.    Usually  made  bastard  or  second-cut  single^  and  cut  on  both  faces 
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and  edges.    Occasionally  made  second-cut  double  to  order,  and  with  one 
or  two  round  edges. 

Mill-pointing  file. — Like  a  mill  file,  except  it  has  a  narrow  point,  used 
for  filing  saws. 

Molding  file, — A  file  with  a  cavity  adapted  to  dress  and  finish  molded 
surfaces.    It  is  made  by  a  swage  and  afterward  cut. 

Nail  file. — A  small,  flat,  single-cut  file  for  trimming  the  finger  nails. 
It  is  a  part  of  the  furniture  of  the  dressing-case,  or  is  cut  on  the  blades 
of  nail  scissors,  or  on  one  small  blade  of  a  pocket-knife. 

Nicking  file. — A  small^  tapered,  half-round  file  for  making  nicks  in  the 
heads  of  screws.  Convex  side  smooth  cut,  flat  side  uncut;  sharp  edge 
used  in  marking  ofif  work  from  gauges;  sometimes  called  marking  file. 

Oval  file — Oval'dial  file. — A  file  whose  cross-section  is  elliptical  or 
oval ;  used  sometimes  as  a  gulleting  file.  The  oval-dial  file  is  used  by 
watchmakera. 

Orer-cut. — ^The  first  course  of  chisel  cuts  or  teeth  having  a  horizontal 
obliquity  with  the  central  line  of  the  file,  ranging  from  35^  to  55^. 

Parallel  file. — One  which  has  no  taper,  but  preserves  its  size  from 
tang  to  point.  One  which  is  flat  and  strictly  correct  is  known  as  a  dead- 
parallel  file.    A  round  file  without  tajjer  is  a  joint  file. 

Parting  tool. — A  rasp  of  peculiar  shape,  coarse  or  fine  in  grain,  and 
used  by  marble-workers. 

Perforated  file. — A  file  invented  by  Hiram  Powers,  having  openings 
through  which  the  abraded  material  is  allowed  to  escape.  It  is  espe- 
cially intended  for  sculptor's  use. 

Piercing  file. — A  sharp  and  narrow  file,  to  enlarge  a  narrow-drilled 
hole. 

Pillar  file. — A  narrow,  thin,  flat,  hand  file  with  one  safe  edge;  sides 
generally  full  taper ;  double-cut. 

Pinion  file  {watchmaking). — A  knife  file  employed  by  watch-makers. 

Pit-saw  file. — A  file  used  for  sharpening  the  teeth  of  pit-saws,  5  to  H 
inches  in  length. 

Pivot  file  [tcatch-making). — A  fine  file  used  in  dressing  pivots  on  the 
arbors  of  watches. 

Potance  file — Pottance  file. — A  small  hand  file  with  parallel  and  flat 
sides;  so  called  by  Lancashire  makers. 

Quannet. — ^The  flat  file  of  the  comb  maker,  having  a  handle  at  one 
side,  so  as  to  use  like  a  plane.  The  teeth  incline  15°  forward,  and  are 
made  by  a  triangular  file,  not  by  a  chisel. 

Rasp. — An  abrading  tool  of  the  nature  of  a  file,  but  having  instead 
of  chisel  cut  teeth  its  surface  dotted  with  separate  protruding  teeth, 
formed  by  the  indentations  of  a  pointed  puncli.  It  is  used  almost  ex- 
clusively upon  comparatively  soft  substances,  as  wood,  horn,  and  the 
softer  metals.  The  teeth  of  cabinet-maker's  and  farrier's  rasps  are  cat 
in  lines  sloping  from  left  to  right;  those  for  last-makers  and  some  others 
in  the  reverse  direction ;  for  gunstockers  and  some  others  the  teeth  are 
disposed  in  curved  or  crescent-shaped  lines.  These  distinctions  are  uu- 
necessajry,  the  only  requisite  being  that  each  tooth  should  be  interme- 
diate between  the  two  in  front  of  it  so  as  not  to  form  furrows  in  the  work. 

When  visited  by  Captain  Cook,  the  Tahitians  were  using  a  piece  of 
coral  for  a  rasp. 

Rasp-cutting  machine. — A  machine  for  cutting  rasps,  resembling  that 
used  for  cutting  files. 

Rasp  punch. — A  tool  for  cutting  the  teeth  of  rasps.  It  is  held  in  the 
left  hand  of  the  workman  at  a  suitable  angle  to  the  face  of  the  blank, 
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and  struck  with  a  mallet  or  hammer.     It  has  a  triangular,  pyramidal 
point  to  form  the  teeth  of  the  rasp. 

Bcufper  (baking). — A  file  for  rasping  the  burnt  surface  from  loaves  of 
bread.     See  Bread  rcutjK 

Kat  tail  file. — A  small  tapering  file,  circular  in  cross -section. 

Reaper  file. — A  file  for  sharpening  knives  of  reaping  and  mowing  ma- 
chines; trapezoidal  in  section;  slightly  tapered,  single-cut  on  sides,  bev- 
eled edges,  left  safe ;  length  7  to  10  inches. 

Rififer. — A  file  with  a  side  so  convex  as  to  oi)erate  in  shallow  depres- 
sions; UHed  by  sculptors,  carvers,  and  gunstockers.  They  are  made  of 
various  convexities  and  curvatures  to  adapt  them  to  varying  surfaces. 
Bifflers  are  usually  made  of  steel,  but  sometimes  of  wrought  iron  and 
case-hardened,  so  that  their  shape  may  be  modified  to  a  certain  extent 
by  bending  on  a  block  of  lead  with  a  mallet.  Double-ended  riflfters  are 
also  made. 

Roller  file. — A  file  designed  for  use  in  a  machine  adapted  to  filing  the 
plates  of  feed-rollers  in  cotton-spinning  machinery.  The  sides  are  planed 
to  the  required  angle;  length  about  4  inches;  sizes,  Nos.  1  and  2.  No. 
1  having  the  thinnest  edges. 

Rotary  files. — These  are  short,  cylindrical,  round,  tapering,  or  irregu- 
lar-shaped files,  designed  for  rapid  work  in  filing  out  and  enlarging  cav- 
ities and  for  other  purposes.  They  are  clamped  in  a  chuck  attached  to 
a  small  pully -arbor,  which  is  belted  and  run  by  power,  or  they  may  be 
used  in  a  profiling  machine. 

Rough  file, — A  file  with  heavy  deep  cuts.  The  angle  of  the  chisel  in 
cutting  IS  about  12^  from  the  perpendicular.  The  number  of  teeth  to 
the  inch  of  a  rough  file  depends  on  the  length  of  the  file  in  inches.  (See 
table.)    These  files  are  often  termed  "  ruffs"  in  the  trade. 

Round  blunt  file. — A  file  made  of  ^he  same  sectional  sizes  as  the 
round,  and  are  often  18  or  20  inches  in  length.  The  principal  cut  is  the 
haatard  double.  These  and  the  round  files  possess  greater  strength  than 
the  half-round  of  same  sectional  curvature;  used  on  heavy  work,  such 
as  engine  and  bridge  building,  in  rfiilroad  sliops  and  shipyards. 

Round-edge  file. — A  file  with  a  convex  edge,  for  filing  out  or  dressing 
the  intei-dental  spaces  of  gear-wheels. 

Round  file. — A  file  cii*cular  in  cross-section,  and  generally  tapering. 
Lengths  from  2  to  16  inches.  Small  taper  files  of  this  description  are 
known  as  rat-tail  files.  Small  round  files,  without  taper,  are  known  as 
joint  files,  being  used  for  filing  out  apertures  for  joint  wires  and  pintles 
of  hinges.  These  files  are  used  for  gulleting  saws  and  for  enlarging 
round  holes,  &c. 

Round  joint  file. — A  kind  of  clock -maker's  file. 

Round-off  file. — A  small  parallel  half-round  file,  whose  convex  side  is 
safe  or  uncut,  and  having  a  pivot  at  the  end  opposite  the  tang.  It  is 
used  for  rounding  or  pointing  the  teeth  of  wheels  made  originally  with 
square  notches.  The  pivot  enables  it  to  be  readily  twisted  in  the  fin- 
gers to  allow  it  to  sweep  round  the  curve  of  the  tooth  under  treatment. 

Rubber  file. — A  heavy,  fish-bellied  file,  desigimted  by  weight,  which 
varies  from  four  to  fifteen  or  tweuty  pounds.  They  are  of  square  or 
triangular  section  and  used  for  coarse  work.  When  they  have  three 
flat  faces  and  one  rounded  they  are  known  as  half-tMck  files. 

Safe-edpe  file. — One  having  a  smooth  edge  which  does  not  cut  a  sur- 
face against  which  it  impinges. 

iS5ffir  fiJe. — A  file  adapted  for  saws;  triangular  in  cross-section  for 
hand  saw^  and  fiat  for  mill  saws.  The  fineness  of  the  file  depends  upon 
the  character  of  the  work. 
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Screw  head  file, — A  feathered-edge  file  for  nicking  screw  heads. 

Second-cut  files, — A  file  whose  teeth  have  a  gr^e  of  coarseness  be- 
tween the  bastard  and  smooth.  The  angle  of  the  chisel  in  catting  is 
about  70  from  the  perpendicular. 

Set. — The  process  of  filing  off  or  blunting  the  sharp  edges  or  corners 
of  file  blanks  before  and  after  the  first  or  over-eut  is  made,  to  prevent 
weakness  of  teeth  and  their  liability  to  break  off  when  used. 

Shouldering  file.— -A  flat  safe-edged  tile,  whose  narrower  sides  are 
parallel  and  inclined.  When  made  of  large  size  and  right  and  left  they 
are  sometimes  called  parallel  Y-files.  The  small  sizes  are  used  by  watch- 
makers. 

Single-cut  file, — A  file  having  but  a  single  series  or  course  of  teeth — 
a  float;  so  called  in  contradistinction  to  the  double-cut  file,  which  has 
two  courses  or  series  of  teeth  crossing  each  other.  The  horizontal  ob- 
liquity of  the  teeth  relatively  to  the  central  line  of  double-cut  files  is 
about  550,  but  in  single-cut  files  the  inclination  is  much  less,  and  in  some 
floats  the  teeth  are  square  across  the  face  of  the  file. 

Slab  file, — Misnomer  for  the  half-round  files  5  so  called  from  resem- 
blance to  the  "slab"  or  outside  piece  sawn  from  a  log. 

Slim  hand-saw  taper  file, — ^A  file  lighter  and  ionger  than  the  ordinary 
hand-saw  file.    Allows  a  greater  sweep  or  stroke  in  filing. 

Slitting  file. — A  file  with  two  acute  and  two  obtuse  edges  and  parallel 
sides.  Its  cross-section  is  a  rhomb  whose  longer  diagonal  has,  say,  three 
times  the  length  of  the  shorter  one.    A  lozenge-shaped  file. 

Slotting  file, — A  file  made  from  pillar  sections  with  sides  and  edges 
equaling.  It  is  double-cut  and  principally  used  for  filing  grooves  for 
cotters,  keys,  or  wedges. 

S^nooth  file, — A  finishing  file,  whose  teeth  are  of  a  grade  of  coarse- 
ness between  the  second-cut  and  the  dead-snwoth.  The  angle  of  the 
chisel  in  cutting  is  about  5^  from  the  perpendicular.  For  number  of 
<;ats  to  the  inch,  see  table. 

Square  blunt  file, — A  file  from  10  to  20  inches  in  length,  cut  double- 
generally  bastard.  Used  for  finishing  and  enlarging  mortises  in  railroad 
shops  and  in  ship-yards.    May  have  one  or  two  safe  sides. 

Square  equaling  file. — A  file  like  square  blunt  except  curved  or  bellied 
on  sides;  used  for  finishing  key- ways,  splines,  &c.,  doing  the  nicer  work. 
All  made  double-cut. 

Square  file, — A  file  which  is  square  in  its  transverse  section.  It  is 
usually  taper,  and  has  one  safe  side.  It  is  used  as  an  entering  file  in 
starting  key-ways  and  grooves  for  splines,  cotters,  and  wedges.  Very 
generally  used  in  almost  all  branches  of  mechanical  industry.  Lengths 
of  square  taper  files  usually  range  from  3  to  16  inches. 

Steel, — A  round  rod  of  hardened  steel,  used  for  sharpening  knives. 
The  surface  is  covered  with  either  circular,  diagonal,  or  longitudinal 
striated  lines. 

Superfine  file. — A  dead-smooth  file,  which  see. 

Swing-wheel  file  {watch- fnaking), — A  file  for  dressing  out  the  openings 
in  the  steel  disk  from  which  the  balance* wheel  is  made.    A  cross  file. 

Taper  cotter. — See  Goiter  taper. 

Taper  file. — ^A  file  which  is  rectangular  in  section,  and  whose  thick- 
ness'and  width  gradually  decrease  toward  the  point.  The  faces  are 
not  quite  flat  in  the  direction  of  their  length,  but  are  somewhat  rounded; 
technically  known  as  bellied. 

A  flat  file  without  a  belly  is  known  as  a  parallel  file.  The  term  taper 
mav  be  applied  cither  to  the  sides  or  edges,  or  to  both. 

Taper-full  file, — See  Full  taper. 
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Three-square  blunts. — A  small  file  from  3  to  6  inches  in  length — for 
machine-shop  work. 

Three-square  file. — ^The  ordinary  tapering,  hand-saw  file  of  triangular 
cross-section.    A  misnomer.    In  this  file  the  edges  are  not  cut. 
Top  cut. — Same  as  upcuty  which  see. 

Topper — Topper  file. — An  equilateral  single-cut  file,  or  floaty  used  by 
comb- makers. 

Triangular  file. — The  ordinary  tapering,  hand-saw  file  of  triangular 
cross-section.    Also  known  as  a  three-square  file. 

Tumbler  file. — A  file  with  convex  sides,  formerly  used  for  tumblers  in 
gun-locks;  double-cut. 

Turn  file. — A  burnisher,  used  in  throwing  up  slight  burs  on  the  edges 
of  the  comb-maker's  files,  the  teeth  of  which  are  originally  made  by  the 
file  and  not  by  the  chisel.  Used  by  workers  on  horn,  tortoise-shell,  iron, 
and  bone. 

Union-cut  files. — Double-cut  files  having  a  fine  over-cut^  and  a  quite 
coarse  or  open  up-cut;  the  horizontal  obliquity  of  the  two  cuts  is  the 
same  as  in  the  onlinary  double-cut,  the  principal  i)eculiarity  being  that 
any  tendency  to  glide  is  always  in  the  opposite  direction  to  that  of  the 
ordinary  double-cut,  owing  to  the  open  up-cut.  The  file  should  also  free 
itself  more  readily  from  the  filings. 

Up-cut. — The  second  course  or  series  of  teeth,  which  crosses  the  first, 
and  in  most  double-cuts  is  finer  and  has  a  horizontal  obliquity  varying 
from  5^  to  15^;  sometimes  called  cross-cut. 

Valve  file. — A  file  with  two  acute  and  two  obtuse  angles;  used  in  filing 
valve  and  Jcey-ways^  grooves  for  pins,  feathers,  splines,  &c. 

Verge  file  {watch-making). — A  fine  file  with  one  safe  side,  formerly  used 
in  working  on  the  verge  of  the  old  vertical  escapement. 

Warding  blunt — (Nicholson.) — A  fine-cut  file,  having  same  section  as 
warding  file,  and  has  similar  uses;  called  equaling  file  by  the  English. 

Warding  file. — ^A  flat  file,  having  a  constant  thickness,  and  only  cut 
upon  the  edges;  used  in  filing  the  ward-notches  in  keys.  These  files 
are  considerably  used  by  jewelers  and  machinists;  range  from  3  to  8 
inches  in  length — by  half-inches  below  6-inch;  fine  double-cut,  edges 
tapered. 

Warding  round-edge  file,  or  drill  file. — A  blunt  file,  made  from  warding 
sections,  cut  on  edges  only,  which  are  quite  rounding,  generally  second- 
cut,  single;  used  for  filing  bottom  of  slots  and  filing  small  twist-drills, 
&c. 

Watchmaker's  files. — These  files  are  of  various  kinds  and  grades  as  to 
size,  degree  of  taper^  coarseness  of  cut,  shape,  safe-edged,  or  otherwise. 
Among  these  special  files  are  a  few  which  are  not  given  above,  viz: 
Endless-screw  file. 
Barrel-hole  file. 
Clock-pinion  file. 
Clock-slitting  file. 
Flat  dovetail  file. 
French  pivot  tile. 
Watch-pinion  file. 
Watch-slitting  tile. 
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II.— TRIGLOT  SYNONYMY— Continued. 


ENGLISH-  6ERKAK— FRENCH. 


English. 


File-cutting  anvil,  t.     (See  Cut- 
ik.) 
8t,  t.     I 
Filings,  t.  pi.  5 


ting  blocB 
File-dust,  $.     \  (Techn.) 


Iron  file-dust.    )   (Looksm., 
Iron  fllinn.      y      etc.) 
File-hsndle.    (Techn.) 
File  hardening.    (Techn.) 
File-stroke. 

File  tooth,  $, 

FOing,  «.    (Locksm.,  etc.) 
Filing-block.  ?   (Techn.) 
Filing-board.  5   (Pinm.) 

Filing  machine.    (Mach.) 


German. 


.1 


Die  Feilsp&ne,  m.  pi. 

Das  Feilioht. 

Der  Feilstanb. 

Die  Eisenfeilsp&ne,  m.  pi. 

Das  Feflenheft. 

Die  FeilenhJirtnng. 

Der  Feilenstrlch. 

Der  Feilenzng. 

Der  Feilenzabn. 

Die  Hiebzanke,  der  Hieb. 

Das  Feilen. 

Das  Feilhols. 

Das  Spitsstookel. 

Die  Feilmaschine. 


French. 


La  limaille. 
Lalimatnro. 

Les  limaillee,  /.p2.,  de  fer. 

Le  manche  de  lime. 
La  trempe  des  limes. 
Le  coup  de  lime. 
Le  trait  de  lime. 
La  dent  de  taille. 

LaUmure. 

Le  bois  &  limer,  Testibois,  m.,  en- 

tibols,  m.,  6tibois,  m.,  6tibaa, 

m.,  dtibot,  m. 
La  limeuse. 
La  machine  &  limer. 


FRENC  H— GERMAN— ENGLISH- 


French. 


Affiler,  Affliter,  v.  a.,  un  outil. 
Afitkter,  limer  les  dents  d'une  scie. 
Amnissoir,  m. 

Carreau,  m..  Lime,/.,  k  bras. 
€!aiTelet^  m.,  (i>etite  lime  oarr6e). 
Carrelet  plat. 
Carrelette,  /. 
Coup,  m.,  de  lime. 
CrApone,  /.    (Horl.) 
Crouer,  v.  a.,  les  traits  en  limant. 
Itasni-ronde,  /.  (lime  plate  d'un 
oot6  et  ronde  de  Tautre. 
mt,  /.,  d'une  lime, 
buchage,  m.,  de  la  lime, 
meher.  V.  a.    (Cout.) 
lane,  ficouenne,  Ecoine,  /. 
Keooane  plate   pour  iOQA^^i*  ^^^ 


G«rman. 


English. 


|Scmiane  k  bois,  ^couanette. 
Eoonane  conrb4e  du  monteur. 
Egobine,/.,  espdce  de  rApe  courbe. 
XmpAtei,  V.  a.,  la  Ume,  dlt  d'un 

metal,  etc. 
Xnolnme,  /.,  k  entaiUer  leB  limes. 

Ehdnit,  in.,  pour  les  limes  [avant 

la  trempe]. 
Snduire  les  lim<w. 
Enlever,  v.  a.,  avec  la  lime.  (Tech. ) 
Stoile,/.,  du  tailluur  dv  limes. 
Feuille,  /.,  de  sauge,   uno   liniv 

oirale  et  pointue. 
Limaille,/    ) 
Limature,  /.  y 

Limailles. »{.,  de  fer. 
Limatnlo,  /.    oyn.  de  Lime,/.,  h 

main. 
Limo./.    (Tech.) 
Lime  ^  aiguille.    ?(Tech.) 
I^ime  d'aiguilles.  5 
Lime  h  iiju8t<>r. 
Linio  d'Allemacnu.  } 
Lime,  /.,  en  pnillo.    S 
Lime  a  archet,  Ic  riHoir. 

Lime  ft  arrondir.     (Horl.) 
Liiue  bAtardr.  )  (Tech.) 

Lime  ftmoyenne  taille.  > 
I*ime  :i  bruiter. 


Schiirfen,  abziehen. 

Die  Z&hne  schiirfen. 

Die  Polirfeile. 

Die  Armfeile. 

Die  kleine  viereckige  Feile. 

Die  dickflache  Feile. 

Die  Polirfeile. 

Der  Feileustrich,  Feilonzug. 

Die  Uhrmacher-Bastardfeilo. 

feber  Kreuz  feilen. 

Die  halbnmde  Feile. 

Der  Feilenzahn. 

Das  Grobfeilen  der  Klinge. 

Aus  dem  Groben  feilen. 

Die  Raspel. 

Die  Jnstirfeile. 

Die  Miinzfeile. 

Die  Schiotlingsfeile. 

Die  Beschrotfeile. 

Die  Feinraspel. 

Die  Kriickraspel. 

Die  krumme  Kaspel. 

Verschmieren. 

Verschleimeu. 

Das  Haneisen. 

Der  Hauamboss. 

Die  Hi&rte. 

Die  Feilen  harten. 

Abfeilen. 

Der  FeUenmeissel. 

Die  Vogelzunge. 

I  Die  Feilspaue,  pL  \ 

j  DasFeilicht.derFeiUtub.  S 
Die  Eisenfeilspanc. 


Die  Feile. 

Die  Nadel- Feile. 

Die  Juatirfeile. 
Die  Strohfeile. 

Die  Boffen  feile. 

Die  Riffelfeile. 

Die  Walzfeile. 

Die  Baj^tnrdfeile.  Vorfeile. 

Die  Feile  mil  Mittelliieb. 

Die  Stos-sfeile. 


To  sharpen.  ' 

To  sharpen  the  teeUi  (of  a  saw). 

Burnisher,  polishing  file. 

Arm  file,  rubber. 

Square  file. 

Cotter  file. 

Polishing  file. 

File-stroke. 

Bastard  file  for  watohmakers. 

To  cross  the  strokes  (in  filing). 

Half-round  file. 


Tooth  (file)  [pL  teeth.] 
Rough  filing. 
To  file  rougnly. 
Rasp  file. 
Adjusting  file. 
Planchet  file. 


Fine  rasp,  grater  file. 
Bent  rasp,  crooked  file. 
Crooked  rasp. 
To  choke  up  the  teeth  of  a  file. 

Cutting-block. 
File-cutting  anvil. 
Hardening  composition. 

To  harden  the  files. 

To  file  off. 

Filecutter's  chisel. 

Cross  file,  crossing  file,  double 

half-round  file. 
Filings,  pi  I 
File-dust.     5 
Iron-sand  (or  steel -dust). 


File. 
I  Needle  file. 

A(\|u8tiug  file. 

The  straw-packed  file. 

Bow  file,  rifler. 

Konnd-off  file. 
Bastard  file. 

Sharp  file. 
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II.— TRIGLOT  SYNONYMY— Continued. 
ENGLISH— GERHAK--FBENCH. 


English. 


German. 


Oval  file,  t. 

Parallel  file. 

Pinion  file.    (Watchm.) 

Pivot  file.    (Watchm.) 

Planchet  file. 

Polishing  file.    (Loclcsm.) 

Polishing  file,  «.    (Watchm.) 

Burnisher,  9.    (Which  see.) , 
Rasp,  9.    (Joiner's.) 

Crooked  rasp: 
Farrier's  or  Smith's  rasp. 
Fine  rasp,  Grater  file.    (Join- 
er's.) 
Rasp  file,  8. 

Rat-tail  file.    (Techn.) 

Riifler,  s.    (Filec.) 

Rifler,  «. 

Rabher, «.,  Arm  file,  t.    (Techn.) 

Rabber,  9.  (for  slide-yalTe  £ftces). 

(Mach.) 
Rabber,  9.    (Goldsm.,  silyersm.) 


Rongh  cnt,  9.  (of  a  file).    (Filec.) 
Rough  file,  coarse  file.    (Teobn.) 

Rough   file,   packed    in  straw. 

(Techn.) 
Round  file.    (Techn.) 
Roundoff  file.    ( Watchm. ) 
Safe-edge,  9.    (See  Hand  file.) 
Saw  file,  for  sharpening   saws. 

(Techn.) 
Screw-head  file.     (Techn.)     See 

Slitting  file.) 
Second-cut  file.    (Lochsm.) 
Sharp  file. 
Single-cut  file,  Float,  9.    (Filec.) 

Slitting  file.  Feather-edged  file, 
Screw-head  file.  (Mach., 
Locksm.) 

Small  file. 

Smooth-cut.    (Filec.) 

Smooth  file.    (Techn.) 
Square  file. 

Superfine  file,   Dead-smooth-file. 

(Techn.) 
Swing-wheel   file.      (Watchm.) 

(See  Balance-wheel  file.) 
Taper  file,  9.    (Techn.) 

Taper  flat  file.         )   (Techn.) 
Taper  hand  file.     5 

Three~8quare  file 


Trhngnlar  file.       >   (Techn.) 


To  file,  V.  a.    (Techn.) 
To  file  across. 

To  file  by  hand. 

To  file  lengthwise  or  lengthway 

To  file  off,  V.  a.    (Techn. ) 
To  file  over,  v.  a. 

To  file  roughly.    (Cutl.) 
File-cut.    (See  Gut  of  a  file.) 
File-cutter.  9. 
File-cutter's  chisel,  9. 


s. 


Die  gleichbreite  Feile. 
Die  Triebfeile. 
Die  Zapfenfeile. 
Die  Schrotfeile. 
Die  Polirfeile. 
Die  PolirfeUe. 

Die  KuthenraspeL 
Der  Nuthenreisser. 
Die  KrummraspeL 
Die  Hui^^pel. 
Die  FeinraspeL 

Die  Raspelfeile  (Raspel  mit  Fei- 

lenhieo  auf  einer  Seito.) 
Der  Rattenschwanz. 
Die  Riffelfeile. 
Die  Raumfeile. 
Die  Armfeile. 

Die  Schieberfeile. 

Die  Liegefeile. 


Der  grobe  Hieb. 
Die  Grobfeile. 

Die  Strohfeile. 

Die  runde  Feile. 
Die  WiUzfeUe. 


Die  Sfigefeile. 


Die  Halbschlichtfeile. 

Die  Stossfeile. 

Die  einhiebige  Feile. 

Die  Einstrichfeile. 
Die  Schraubenkopffeile. 

Die  Handfeile. 
Die  kleine  Feile.  • 
Der  feine  Hieb. 

Die  Schlichtfeile. 

Die  kleine  vierkantige  Feile. 

Die  Feinschlichtfeile. 

Die  SchUchtschlichtfeile. 


Die  Spitzfeile. 
Die  Spitze  Feile. 
Die  Spitzfiache  Feile. 
Die  flache  Spitzfeile. 
Die  Dreieckige  Feile. 
Die  dreikantige  Feile. 


Feilen,  abfeilen,  befeilcn. 

(^nerfeilen. 

U  berz  werchfeilen. 

Im  FeilklSbchen  feilen. 

Langsfellen. 

Der  L&nge  nach  feilen. 

Abfeilen. 

tTberfeilen. 

Ans  dem  Groben  feilen. 

Der  Feilhauer. 
Der  FeUenmeissel. 


French. 


La  lime  k  double  dos. 
La  lime  parall^le. 
La  lime  a  pignon. 
La  lime  A  pivots. 
La  lime  k  ebarber. 
La  carre\|Rtt(\ 
Le  bnmissoir. 

Laramasse. 

L'6gobine,/. 
Lar&pe. 
L'Scouanette,  /.,  k  bois. 

La  r&pe  anglaise. 

La  (^ueuc  de  rat. 

Le  nfloir. 

Le  rifiard. 

Leoarrean. 

La  Ume  k  bras. 

La  lime  carr6«  pour  6gayer  lea 

Joues  du  tiroir. 
La  lime  tr^s-laree  ot  plate  qu'on 

met  sur  la  table  et  .«iur  laquelle 

on  fait  passer  I'objet  qu'ou  veut 

limer. 
La  groBse  taille. 
La  ume  grosse. 
La  lime  rude. 
La  lime  d'Allemagne. 
La  lime  en  paiUe. 
La  lime  ronde. 
La  lime  &  arrondir. 

La  lime  A  scies. 


La  lime  demi-douce. 

La  lime  k  bouter. 

La  lime  a  taille  simple. 

La  lime  taill6e  sans  croisement. 

Le  lozange. 

Le  losange. 

La  lime  a  dossiers. 

La  lime  k  main. 

La  limatule. 

La  fine  taille. 

La  douce  taille. 

La  Ume  douce. 

Le  carrelet. 

Le  auatre  quarts. 

La  lime  superfine. 


La  lime  polntue. 

La  lime  plate  pointue. 

Le  tiers-point. 

La  lime  triangulaire. 

Le  trois-quarts. 

Latrois^carr^s. 

Limer. 

Limer  en  travers. 

Croiser  les  traits  en  limant. 

Limer  k  main. 

Idmer  en  long. 

Enlever  avec  la  lime. 
Passer  la  lime  sur—. 
Promener  la  lime  sur  ^. 
£baucher. 

Lc  taiUeur  de  limes. 

L'^toUe,  /.,  du  tailleur  de  limes. 
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IL— TRIGLOT  SYNONYMY— Continued. 
FSENGH--GEBMAN--ENaLISH. 


French. 

German. 

English. 

Limer  en  travers. 

Qnerfeilen.                ? 
Uebensweroh  feiloi.  > 

To  file  across. 

Limear,  m.,  £taa,  m..  limenr. 
Limense,/.                 f(Xeoh.) 
Kachine  k  limer.  > 

Der  Feilkolben. 

Filing-vise. 

Die  Feilmaschine. 

FUing- machine,  sharing -ma- 

chine. 

Limore,  /. 

Das  Feilen,  die  Feilnng. 

Filing. 

Loaange,    Lozange,    m.      (Foyez 

Lime  k  doatidre.) 

Manohe,  m.,  d^  lime. 

Das  Feilenheft 

File-handla 

Passer,  v.  a.,  promener,  «.  a.,  la 

Ueberfeilen. 

To  file  ever. 

limesor— k 

Quatre-qiiart,  tn.    (Sermr.) 

Die  kleine  yiereokige  Feile. 

Littie  square  flla 

Carrelet,  m. 

Bamasse,/. 

Die  NuthenraspeL 
Der  Nntiienweiter. 

Basp  for  widening  grooves. 

BApe,/.    (Tech.) 

DieBaspeL 

Basp. 

B4pe,  / .  4  hois.    (Tonrn.) 

Die  HolsraspeL 

Wood-rasp. 

BApek/.,4sabot 
BApe  a  sucre. 
Betailler,  v.  a.,  nne  lime. 

Die  HnfraspeL 

Farrier's  or  shoeing-smith's  rasp. 

Die  Beibemaschine. 

Sugar-rasp. 

Anffaanen. 

To  cut  anew,  to  cut  again,  to  rs- 

cut  a  file. 

Biflard,  m. )  (Tech.) 
Bifloir,  tit.  5 

DieBiffelfeile. 

Biffler,  rifler. 

Die  Banmfeile. 

Taillage,  m.,  des  limes.    (Lira.) 

Das  Feilenhanen,  Hauen. 

Cutting  (flies). 
Cut  (of  files). 

Taille,  /.,  d'nne  lime.    (Lim.) 

Der  Hieb,  der  Feaenhieb. 

Finetaille.    HTech.) 
Donee  taille.  j 

Der  feine  Hieb. 

Smooth  out^  • 

Orosse  taille. 

Der  nobe  Hieb. 
(  Der  Mittelhieb. 
)  Der  Bastardhleb. 

Bough  out 

Hoyenne  taille. ) 
Taille  bAUrde.  3  (Tech.) 

Bastard  cut 

Premiere  taille. 

<  Der  Unterhieb. 
)  Der  Gmndhieb. 

First  course  (of  cuts). 

Seoonde  taille. 

5  Der  Krenxhieb. 
I  Der  Oberhieb. 

Second  course  (of  cuts). 

Tailler,  v.  a.,  les  limes. 

To  cot  flies. 

TalUear  de  limes.    (Lim.) 

Filecutter. 

Tas,  m. 

Der  Hauamboss. 

Anvil  for  cutting  files. 

Tiers-point,  m.    (V6yex  IJme  tri- 

- 

angnlairo.) 
Trait,  m.,  de  lime. 

Der  FeSlstrich. 

File-stroke. 

Trerape,  /.,  des  limes. 

Die  Feilenbttrtnng. 

File-hardening. 

6EBMAN— ENGLISH-FKBNCH. 


German. 


J 


(Teohn.) 


Feile,/.    (Techn.) 

Bastardfeile. 

Vorfeile. 

Feile  mit  Mittelheib 

Bogenfeile.    (Techn.) 

(Blifelfeile.) 
Bundfeile.    (Techn.) 
Dickflache  feile.    (Techn.) 
Dreieckige  feile.    (Techn.) 


Einbiebige  feile.    (Techn.) 
Zweihiebige  feile. 


EngUsh. 


^ 


Einstreichfeile. 

Schraubenkopffeile. 

EinstreichsAge. 

( Mascb . ,  w^hloss. ) 
FeinschUchtfeile.        } 
Schlichtachlichtfelle.  5 
Flache  feile.  l  (Techn  ) 
AnsaUfeile.  > 
Flankirfeile.    (Uhrm.) 
Gleichbreite  feile.    (Techn.) 
Orobe  feile.    (Techn.) 
Halbschlichtfeile.    (Teohn.) 
Handfeile.     )  (Techn.) 
meine  feile.  5 


File. 

S  Bastard  file. 

Bow  file  (rifler). 

Bundle  file. 
Cotter  file  (pillar  file). 
Three-square  file. 
Tiiangular  file. 


Single-cut  file  or  float. 
Double-cut  flle. 


SUtting  flle. 

Feather-edged  flle. 

Screw-head  file. 

(Screw-head-saw,  hack-saw  file.) 

Superfine  flle. 

Dead-smooth  flle. 

Hand  flle,  flat  file. 

Safe-edge. 

Thinning  flle. 

Parallel  flle. 

Bough  or  coarse  file. 

Second-cut  file. 

Small  file. 


French. 


La  lime. 

La  lime  bAtarde. 

La  lime  A  archet. 

(Bifloir,  m.,  riflard,  m.) 
La  lime  an  paquei. 
Le  carrelet  plat  (la  lime  Apiller.) 
La  lime  triangulaire. 
Le  tiers-point. 
Le  trois-quarta. 
Le  trois-carr^ 
Lime,/.,  it  tidlle  simple. 
Lime,  /.,  A  taille  orois^ 
Lime,  /.,  A  taille  double. 
Lime,  /.,  A  con tre- taille. 
Lime,  /.,  A  taille  A  deux. 
Le  losange  on  lozange. 
(La  lime  A  dossiAres  ou  A  dossier.) 


La  lime  superfine. 

La  lime  plate,  la  plate  large. 

La  plate  A  main. 

La  lime  A  efflanquer. 

La  lime  paral^Ue. 

La  lime  grosse.  la  lime  rude. 

La  lime  demi-douce. 

La  lime  A  main,  la  limatule. 
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II —TRIGLOT  SYNONYMY— Continued. 


FBBKCH--OEBMAK— ENGLISH. 


French. 


Gremian. 


Engliah. 


Ijime  k  bras,  carreau,  m. 

Lime  carr6e. 

Lime    carrte,    ponr   6, 

Jooes  des  tirolrs. 

vapeur.) 
Lime  k  chami^re.    (Tech.  Horl.) 


ezayer  les 
(Machines  k 


Lime  &  clef.       )  (Sermr.) 

Lime  fondante.  > 

Lime  k  couteau.    )  (Semir.) 

Lime  k  dossierre.  V 

Lime  k  oramponnet.    (Serrur.) 

Lime  demi-doace.    (Tech.) 

Lime  demi-roude.    (Voyez  Demi- 

ronde.) 
Lime  k  deux  trenchante. 
Lime  k  doesi^rea.    (Sen*.  Mach.) 
Lime  k  dossier. 
Loeange,  m. 
LK>zan2e,  m. 

[lime  k  fendre  les  tib.] 
Lime  douce. 

Lime  k  6barber. 

Lime  Jh  e£9anqaer.    (Horl.) 

Lime  k  6galir.     (Horl.) 

[Lime    servant    k    polir  les 

espaces    des    rones    d'une 

montrej. 
Lime  d'^ntree.    (Tech.) 

Lime  d'6taln. 
Lime  k  fenilles  de  sauge. 
Lime  |nt>sse,  Lime  laiue. 
Lime  d'horloger. 

Lime  k  main.  ) 

La  Limatule.  > 

Lime  mordante. 

Lime  moyenne. 

Lime  en  pallle,  Linio  d'Alleroague. 

Lime  an  paonet.     (Tech.) 

Lime  paiallele. 

Lime  a  pigeon .     ( Horl. ) 

Lime  k  pilier.     (Tech.) 

Lime  &  pivots.    (Horl.) 

Lime  plate.  1  (Tech.) 

La  plate  large.     > 

La  plate  k  main.  ) 

Lime  plate  pointue.    (Tech.) 

Lime  4  quene  d'aronde.    (Horl.) 

Lime  ronde. 

Petite  lime  ronde,  Queue  de  fond 

de  rat. 
Lime  k  roue  de  rencontre.    ( Horl. ) 


Die  Armfeile. 

Die  viereckige  Feile. 

Die  Schieberfeile. 


Die  Chamierfeile. 
Die  Chamierplatzfeile. 
Die  Spaltfeile. 

Die  Messerfeile.     \ 
Die  Schneidefeile.  > 
Die  Stndelfeile. 
Die  HalbSchlichtfeile. 


Die  zwelschneidige  Feile. 
Die  Einstreichs&ge. 
Die  Einstreichfeile. 
Die  Schraubenkopffeile. 


Arm  file,  rubber. 

Square  file. 

Rnbbcr  (for  slide  valve  faces). 


Joint  file. 

Kound-edge  Joint  file. 
Key  file. 
Blade  file. 
Knife  file.  ) 
Hack  file.  5 
Bridle  file. 
Second-cut  file. 


Donble-cuttlDg  file. 
Screw-head  saw  file. 
Hack-saw  file. 


Lime  k  scies. 
Lime  triangulaire 
Lime  en  carrelet 
Lime  superfine.     (Tech.) 


lire.  > 
et.    > 


(Tech.) 


Lime  k  taille  crols6e. 

Lime  k  taille  double. 

Lime  k  contre-taille. 

Lime  taill6e  k  deux. 

Lime  k  taille  simple.        ) 

Lime  taill^e  sans  croise-  >  (Tech.) 

ment.  ) 

Lime  triangulaire.  \ 
Le  tierspoint,  rn.    > 
Limer,  v.  a.    (Tech.) 
Llmer,  v.  a.     Aff&ter  les  dents 

d'une  sole. 
Limer  en  long. 

Limer  k  la  main. 


Die  Schlichtfeile. 

The  smooth  file. 

Die  AbEiehfeile. 

Die  SchrotfeUe. 

Planchet  file. 

Die  Flankirfeile. 

Thinning  file. 

Die  Zahufeile. 

Equaling  file. 

Die  Ausstreichfeile. 

Die  schmale  Spitzfeile. 

Entering  file. 

Die  Lochfeile. 

Die  Z  inn  feile. 

Tin  file. 

Die  Riffelfeile. 

Bifiler. 

Die  Grobfeile. 

Bough  or  coarse  file. 
Clockmaker's  file,  watchmaker's 

Die  IJhrmacherfeile. 

file. 

Die  Handfeile. 

SmaUfile. 

Die  kleine  Feile. 

Die  Baspel. 

Rasp.    ( Voyez  lUpe . ) 

Die  Mittelfeile. 

I<lne-toothed  file. 

Die  Strohfeile. 

Straw-packed  rough  file.    ( Toyez 

LimegTosse.) 

Die  Bund  feile. 

Bundle  file. 
Parallel  file. 

Die  gleichbreite  Feile. 
Die  Triebfeile. 

Pinion  file. 

Die  dickfiache  Feile. 

PilUr  file. 

Die  Zapfenfeile. 

Pivot  file. 

Die  flache  Feile.  ) 
Die  Ansatzfeile.  5 

Hand  file. 

Flat  file. 

Safe-edge. 

Die  spitze  Feile. 

Taper  me. 

Die  Spitzfeile. 

Die  Schwalbenschwanzfeile. 

Dovetail  file. 

Die  Steigradschieberfeile. 
Die  runde  Feile. 

Bound  file. 

Der  Battenschwanz. 

Bat-UU  file. 

Die  Steigrad feile. 

Balance-wheel  file,  swing-wheel 

file. 

Die  Sagefeile. 

Saw  file. 

Die  FeinschlichtfeUe. 

Superfine  file. 

Die  Schlichtschlichtfeile. 

DeMl-smooth  file. 

Die  zweihiebige  Feile. 

Double-cut  file. 

Die  einhiebige  Feile. 


Die  dreieokige  Feile. 

Feilen,  abfeilen,  befeilen. 
Die  Zahne  scbftrfen . 

Der  Liinge  nach  feUen. 

Lftngs  feilen. 
Im  Feilklobchen  feilen. 


Single-cut  file,  or  float. 


The  three-sauare  file. 

Triangular  file. 

To  file. 

To  sharpen  the  teeth  (of  a  saw). 


To  file  lengthwise. 

To  file  by  hand,  in  a  hand-viae. 


P 
Lengthways. 
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ni.—LISTS  OF  STANDARD  FILES. 
1— BOBLOZ'S  FILES. 


Kind. 


Hand 

Hand 

Hand 

Hand 

Hand 

Hand • 

Hand 

Hand 

Hand 

PUlar 

Pillar 

Pillar 

Pillar , 

Pillar 

PilUr , 

Pillar 

Pillar 

Pillar 

Half-ronnd 

Crossing 

Barette 

Cant 

Equaling 

Taper  flat 

Barette,  out  on  three  Aides 

Ejiife,  single  cat 

Knife,  doable  cnt , 

Three  sqaare 

Three  sqaare,  single  cat .. 

Square 

Bound 

Screw-heads , 

Escapement  flies 


Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Pillar,  two  safe  edges. 
Pillar,  two  safe  e<lges. 
Pillar,  two  safe  edges. 
Pillar,  two  safe  edges. 
Pillar,  two  safe  edges . 
Pillar,  two  safe  edges. 
Pillar,  two  safe  edges. 
Pillar,  two  safe  edges. 
Pillar,  two  safe  edges. 
Pillar,  two  safe  edges. 
Pillar,  one  safe  edge  . . 


I 


If  amber. 


1 


) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
8 


All  numbers 


Lengths. 


>  3, 3i  4, 4i,  5,  and  6  inches  for  each  number. 


'  3, 3^,  4, 4i,  5,  and  6  inches  for  each  number. 


of°SSh^"  1 1 1*'  ^*'  2, 2i  8, 31. 4. 41, 5,  and  6  inches. 


Allnumbers. !    11,  li,  2, 2},  3, 31, 4, 41, 5,  and  6  inches. 


All  numbers. 


11, 1},  2, 2},  3, 31, 4, 41. 5,  and  6  inches. 


1 2  and  2}  inches. 


2.— GBOBET'S  FILES. 


00 
0 

1 

2 
3 

4 
5 
6 
7 
8 
00 
0 
1 
2 
3 
4 
5 
tt 
7 
8 


If.  2. 21, 3, 31, 4, 41. 5, 6, 7, 8, 9,  and  10  inches. 


!;  l}i  2, 21. 3, 31, 4, 41, 5, 6, 7,  and  8  inches. 


Half-round 

Equaling 

Bu«tte 

Crossing 

Warding , 

Cant 

Knife 

Barette,  cnt  on  three  sides 

Joint  (or  drill) 

Bound 

Bound-straight 

Square 

Screw-head  flies 

Three-square 

Escapement  files 


\ 


12, 2, 21, 3, 31, 4, 41,  5. 6,  7, 8, 9.  and  10  inches. 


;  If,  2, 2i  3, 31, 4, 41. 5, 0,  and  7  inches. 

Narrow  or  slim  are  up  to  81  inches  in  length, 
ii  At  ^>  <^d  i  ^^^  ^  width ;  5  and  9  mcb 
lengtns  are  i,  A,  A,  |,  A,  and  1  inch  in 
width :  7, 8. 9,  ana  10  inch  lengths  are  from 
§  to  2  inch  in  width. 

friS^M  to^   ]  1*'  2, 21. 3, 31, 4. 41, 5. 6, 7,  and  8  inches. 

I 
I 

frJS'w  to"'   ]  ^i*  2. 21. 3, 31, 4. 41. 5, «,  7,  and  8  inches. 


Allnumbers. 


From  00  to  8. 


From  00  to  8 


From  00  to  8. 


81, 4, 41,  and  5  inches. 

3, 31, 4, 4^,  and  6  inches. 

11.  'A  21,  3, 31, 4, 44, 5, 6, 7,  and  8  inches. 

1}.  2, 2{,  3, 31, 4, 41,  and  5  inches. 

1}.  2, 21, 3, 3{,  4, 41, 6, 6, 7,  and  8  inches. 

1].  2. 21, 3.  31, 4.  and  41  inches. 

l).  2, 21, 3, 31, 4, 41, 5, «,  7, 8, 9,  and  10  inches. 

l|  and  2  inches. 


N.  B.— Xo.  00  is  about  bastord  cnt,  and  No.  8  about  400  cuts  in  one  inch.    Warding,  equaling,  cr 
Joint  files  run  from  No.  8  to  No.  28  itandard  wire-gaoge  in  thickness. 
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III.— LISTS  OF  STANDARD  FILES-Continued. 


8.— PROUTAT'S  FILES. 


Kind. 


Kiunber. 


"Second  cat. 


Hand — Bastard 

Second  cat . . 

Smooth 

Dead-smooth 

Hand 

Hand 

Half-Toand 

Crossing 

Knife ^Bastard 

Screw-head 

Boand-stTaight . . 

Half-Toand 

Crossing 

Knife 

Sorew-head 

Boond-straight . . 

Half-roand 

Crossing 

Knife 

Screw-head 

Boand-straight ..... 

Half-round 

Crossing 

Knife 

Screw-head 

Boand-straight . . 

Pllhir 

Three-square  — 

Four-square 

Bound Either  bastard,  se- 

Warding }    cond  cut,  smooth, 


1 
2 

3 

4 
5 
6 


Smooth 


>  Dead-smooth . 


Flat  taper 

Barette.. 

Cant  .... 

EqaaUng 

Pit-saw  or  frame-saw  fQee 


or  dead-mooth. 


\ 


Lengths. 


>  2, 3k,  4,  5, 6, 7, 8, 9. 10, 11,  and  12  inches. 
|2, 3|,4,5,6,  and  7  inches. 

2. 3i,  4, 5, 6, 7, 8, 9, 10, 11,  and  12  inches. 
2, 3^,  4, 5, 6, 7, 8, 9, 10, 11,  and  12  inches. 
2, 3i,  4, 5, 6, 7, 8, 9, 10, 11,  and  12  inches. 
2, 3^,  4, 5, 6, 7, 8, 9, 10, 11,  and  12  inches. 


2  to  12  inches. 


5  and  10  inches. 


4.— KEABNEY  &  FOOT'S  FILES. 


Name. 


Kame. 


Name. 


Flat 

Half-round. 

Hand. 

PUhir. 

Eqoaling. 

Cotter  or  pivot. 

Square. 


Bound. 

Three-sqnare. 

MUl-saw. 

Taper  saw. 

Taper-saw,  single  out. 

Slim  taper-saw,  single  cut. 

Band  taper-saw,  single  cut. 


Double  cut  taper-saw. 
Crossing. 
Warding  files. 
Joint  flies. 
Cabinet  files. 
Cabinet  rasps. 
Wood  rasps. 


Bonnd  and  square 


ProportionaU  lengtht  and  diametert  of  «tafutord  filLu. 

k^k\\\\\\  inch  in  diameter  or  thiclcness. 

3&4     6        8      10     12      14     16     18     20  inches  in  length. 
5.— NICHOLSON'S  INCBEMENT-CUT  FILES. 
PiiM  in  general  u««. 


\ 


Kind. 


Cut. 


Mill,  round,  flat,  and  square. 


Hand  and  half-roand 
Hand  and  lialf-round 
Hand  and  half-roand 
Warding 
Warding. 
Warding. 


Length  in  inches. 


Bastard  ..  .. 

Second 

Smooth 

Bastard .... 
Second .... 

Smooth 

Bastard.... 
Second  .... 
Smooth.... 


*"'*'^g\iiiitiig  ■.;;.■.■;!;.':..""'!'.'■.■;.'.};  siagie  ....-• 


Round 

Hook.tw>th  ...r. 1  Single 


(  4. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 10, 17,  and  18. 
V  4, 6,  e,  7, 8, 9, 10, 11, 12, 13, 14, 15,  Id,  17,  and  18. 
S  4, 5,6,7,8, 0,10, 11,  and  12. 


4, 5, 0,7. 8, 9, 10, 11,  and  12. 
6, 7, 8, 9, 10, 11,  and  12. 
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III.— LISTS  OF  STANDARD  FILES— Continued. 

5.-iaCHOLSO)7'S  INCBEHENTCUT  FILES-Continaed. 
FUsi  in  geAeral  iw«— Continued. 


Kind. 


Reaner 

Maonine-mill 

Gang-edger 

HiU-pointing 

FUt.  wood 

Halr-roond,  wood 

Cabinet 

Flat,  wood 

Half-ronnd,  .wood 

Half>ronnd,  shoe 

Plidn  hone 

(Regular  and  raoer) . 
Tanged  hone 

(Regular  and  racer) , 

Hand-saw  taper 

Hand-saw  taper 

Hand-saw  taper  (slim) .. 
Hand-saw  taper  (slim) .. 

Lightning 

Band-saw  (taper) , 

Gin-saw 

Knife 

Doable-ender 


Single 
Single 


Doable  ..... 

File  or  rasp. 

Rasp 

Rasp 

Rasp 

Rasp 


Length  in  inches. 


Rasp.. 

Single  . 
Doable 
Single  . 
Doable 
Single  . 
Single  . 
Single  . 
Doable 
Single  . 


! 


7, 8, 9,  and  10. 

4, 6, 0, 7, 8, 9, 10, 11. 12, 18,  U.  15. 1^  17,  and  18. 

4. 5,  e,  7, 8, 9. 10, 11, 12, 18,14, 15, 16, 17.  and  18. 

^  7, 8. 0, 10, 11, 12, 13, 14, 15,  and  16. 

6, 7, 8, 9. 10, 11.  and  12. 

10, 11, 12, 13. 14, 15, 16, 17,  and  18. 

10, 11, 12, 13, 14, 15,  and  16. 

24, 3, 3»,  4. 4i,  5, 5*.  6, 7, 8. 9, 10. 11, 12,  IS,  and  14. 

4, 6, 6, 7, 8, 9, 10. 11, 12, 18,  and  14. 

4, 5, 6, 7, 8, 9, 10, 11,  and  12. 

}  2i.  8, 8i,  4. 44, 6, 5*.  6, 7, 8, 9.  and  10. 

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,  and  1& 
7, 8, 9,  and  10. 


FUet  in  leu  common  uu. 


Cant,  blant 

Cotter,  taper 

Cross,  or  crossing 

Doctor 

Snterlng 

Feather-edge 

Flat  boot-heel 

Half-ronnd,  high  back 

Mill /..... 

Kicking,  or  marking 

Pillar.: ZTr. 

PUlar 

Pillar 

Ronnd-off 

Slotting 

Three-sqaare 

Tumbler 

Warding  (round  edge  or  drill) 

Roller 

Flat  "file rasp" 

Half  round  "file rasp " 

Flat  shoe 

Oval  shoe 

Jig 


Doable 


Coarse 

Double 

Cut  double.. 
Doable  ..... 
Bastard .... 

Second 

Smooth 

Single 

Double 

Double 

Double 

Single 

Single 

File  and  rasp 
File  and  rasp 

Rasp 

Rasp 

Rasp 


4, 6^  6. 7, 8»  9, 10, 11, 12, 18, 14. 15, 16, 17,  and  18. 


4, 5, 6. 7,8, 9, 10. 11,  and  13. 
4, 5, 6, 7, 8, 9, 10, 11, 12. 18, 14, 15, 16, 17,  and  18. 
6, 7, 8, 9, 10, 11,  and  12. 


1 

\ 


1 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,  and  18. 

4, 5, 6, 7, 8, 9, 10, 11, 12, 18,  and  14. 
6, 7, 8, 9, 10, 11,  and  12. 


6.— NICHOLSON'S  EXTRAS  AND  SPECIALTIES. 


Blunts. 

Bevel-edge  horse  raspa 

Files  witn  two  rouna  edges. 

Finishing  files. 

Union-cut  flies. 

Equaling. 


Brass  coarse  out. 
Lead  floats. 
Dead-smooth. 
Horse-mouth  rasps. 
Bread  rasps. 
Bent  rifflen. 


Stub  flies  and  holders. 
Butchen'  steels. 
Kaohlnists'  scrapers. 
Viae  flle-holders. 
Surface  flle-holders. 
File  cards  and  file  brushes. 


][ 

^ 

!1 

31 

i 

i  BBO 


-    >i     n      n       ^ 


|<1<K]«] 


^^ 


mMi 


Appsndii  36—1881. 
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APPENDIX  36. 

SHOWING  STATION  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  THE  IST  OF  OCTOBER,  1881. 


BBIOADIER-OKNK  RAL. 

SUpben  T.  Ben^t 

COLONVLB. 

1.  T.  T.  S.  Lmidley,  brevet . . . 

2.  J.  McAlllater 

8. 

LIBKJTBlfJUfT-COLONELB. 

1.  Su  Criapln,  brevet  colonel. 


2.  T.  O.  Baylor,  brevet  ool* 
onel. 


3.  J.  "M.  Whlttemore 

4.  A.  S.  BofBngton,  brevet  . 

MAJOse. 

1.  D.  'W.  Flagler,  brevet  liea- 

ienant-ooloneL 

2.  A.  Mordeoai,  brevet  liea- 

tenant-coloneL 

3.  S.  C.  Ljford,  brevet  lien- 

tenant-ooloneL 

4.  F.  H.  Parker,  brevet 


5.  J.  P.  Parley  .. 

6.  L.  &  Babbitt 

7.  "W.  A.  Marve 

8.  LAraold,  Jr. , 

9.  C.  Comly 


10.  J.  R.McGinxiee8. 


CAFTAUTB. 


Address. 


1   J.  H.  RoUins,  brevet 

2.  G.W.McKee,  brevet miOor 

3.  P.  H.  Phippa,  brevet 


4.  J.  W.  Reilly,  brevet 

5.  J.  A.  Kress,  brevet  miOor. 


6.  O.  S.  Miobaelis,  brevet 

7.  C.  K.  Dattou 


8.  J.  G.  Butler 

9.  C.  Bryant... 


10.  A.  L.  Vamey. 

11.  J.C.Clifford. 

12.  J.K.  Greer... 
IS.  J.  Pitman.... 


14.  C.Shaler 


Chief  of  Ordnance 


Commanding  the  Wateitown  Arsenal . . 
Commanding  the  Benlcia  Arsenal 


Commanding  the  Ordnance  Agency; 

president  of  the  Ordnance  Board,  and 

Uonstmctor  of  Ordnance. 
Commanding  the  New  York  Arsenal, 

and  member  of  the  Ordnance  Board. 

On  duty  in  the  office  of  the  Chief  of 

Ordnance. 
Commanding  the  Watervliet  Arsenal, 

and  member  of  the  Board  on  Heavy 

Ordnance  and  Projeotiles. 


Commanding  the  Bock  Island  Arsenal. 
Member  of  the  Ordnance  Board 


Commanding  the  Fruikford  Arsenal  . . . 

Commanding  the  Piccafinny  Powder 
Depot,  and  member  of  the  Board  on 
Heavy  Ordnance  and  Projectiles. 

Commanding  the  Kennebec  Arsenal — 

Commanding  the  Fort  Monroe  Arsenal . 

Commanding  the  Angnsta  Arsenal 

Commanding  the  Indianapolis  Arsenal. . 

Instructor  of  ordnance  and  gunnery. 
United  States  Military  Academy. 

Commanding  the  Saint  Louis  Powder 
Depot. 


Washington,  D.  C. 


Wateitown,  Mass. 
Benicia,  CaL 


Comer  of  Houstonand  Greene 

streets,  N.  Y.    Post^ffice 

box  181L 
Governor's  Island,  New  York 

Harbor.      Post-oflBce    box 

1440. 
Washington,  D.  C. 

West  Troy,  N.  Y. 


On  sick  leave  of  absence 

Assistant,  Bock  Island  Arsenal 

Commanding  the  San  Antonio  Arsenal, 
and  chief  ordnance  oflBoer,  Depart- 
ment of  Texas. 

Commanding  the  Allegheny  Arsenal — 

Commanding  the  Vancouver  Arsenal, 
and  chief  ordnance  oflBcer,  Depart- 
ment of  the  Columbia. 

Assistant,  Frankford  Arsenal 

On  duty  under  the  Interior  Department 


Assistant,  Watertown  Arsenal — 
Assistant  to  the  Constructor  of 


Ord. 


nance. 

Assistant,  Watervliet  Arsenal 

do 

Assistant,  National  Armory 

Assistant,  Watertown  Arsenal  (on  duty 

under  the  Interior  Department). 
Assistant  to  Constructor  of  Ordnance — 


Bock  Island,  111. 

Governor's  Island,  New  York 
Harbor.  Post-office  box 
1449.      . 

Philadelphia,  Pa. 

Dover,  N.  J. 


Augusta,  Me. 
Old  Point  Comfort,  Ta. 
Augusta,  Ga. 
Inmanapolis,  Ind. 
West  Point,  N.  Y. 

Jefferson  Barracks,  Mo. 


Columbia,  Mo. 
Rock  Island,  Hi. 
San  Antonio,  Tex. 


Pittsburgh,  Psk 
Yanconver,  Wash. 


Philadelphia,  Pa. 

Geological  Survey,  Washing- 
ton, D.  C. 

Watertown,  Mass. 

South  Boston  Foundry,  Bos- 
ton, Mass. 

West  Troy,  N.  Y. 
I  Do. 

'  Springfield,  Mass. 
j  Ifowport,  R.  L 

South  Boston  Foundry,  Bos- 
ton, Moss. 

J^9 
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SHOWING  STATION  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT,  Ac—Continued. 
t 


Rank  and  name. 


Duty. 


Address. 


15.  H.Metcalfe... 

16.  W.  S.  Starring 


17.  C.S.  Smith. 

18.  S.£.  Blunt. 


19.  F.  Heath 

20.  D.M.Taylor. 


.  FIB8T  LIEUTENANTS. 

1.  D.A.Lyle 


2.  J.  Rockwell,  Jr 


3.  J.  C.  Ayrea 

4.  M.  W.  L>t>n 

5.  C.  W.  "WTiipple 


6.  A.  H.  Ruasell 

7.  R.Bimie,  jr.. 


8.  I.  MacNutt 


9.  C.  C.  Morrison 

10.  F.  Baker 

11.  O.B.  Mitcbam. 

12.  H.D.  Borup... 

13.  L.L.  Bruff.... 
li.  C.  H.  Clark  . . . 


Assistant^  Frankford  Arsenal,  and  in- 
spector of  contract  ammunition. 

Assistant  to  the  Constructor  of  Ord- 
nance. 

Assistant,  Ordnance  Agency 

Chief  ordnance  officer,  Department  of 

Dakota. 
Commanding  the  Cheyenne  Ordnance 

Depot. 
Chiei  ordnance  officer.  Department  of 

the  Missouri,  and  commanding  the 

Fort  Leavenworth  Ordnance  Depot. 


Assistant,  National  Armory,  and  mem- 
ber of  the  Board  on  Life-&iving  Appa- 
ratus, &c.,  under  the  Secretary  of  the 
Treasury. 

Commanding  the  Fort  Abraham  Lincoln 
Ordnance  Depot. 

Assistant,  National  Armory 

Assistant,  Frankford  Arsenal 

Assistant  to  the  Constructor  of  Ord- 
nance, 

Assistant,  Watertown  Arsenal 

Assistant  to  Constructor  of  Ordnance. . . 


Philadelphia,  Pa. 

Comer  of  Houston  and  G  reene 
streets.  N.  Y.    Post-office 
box  1811. 
Do. 

Saint  Paul,  Minn. 

Cheyenne,  Wyo. 

Fort  Leavenworth,  Kana. 


15.  W.M.  Medcalfe. 

16.  "William  Crozier. 


ORDNANCE  BTOREKEEPERS. 


£.  Ingersoil,  m^or 

W.  R.  Shoemaker,  captain 
B.  H.  Oilbreth,  captam 

E.  D.  Ellsworth,  captain  . . 

W.  Adams,  captain 

A.  S.  M.  MorgHu,  captain  . 
W.  II.  Rerford,  captain  . . . 

F.  Whyte,  captain 

D.  J.  Young,  captain 

M.  J.  Grealish,  captain — 


Chief  ordnance  officer,  Department  of 
the  South. 

Assistant,  National  Armory 

Assistant,  Benicia  Arsenal 

Assistant,  Rock  Island  Arsenal 

AHsistaut,  Frankford  Arsenal 

Assistant,  Rock  Island  Arsenal 

Acting  assistant  instructor  of  ordnance 
and  gunnery. 

Acting  assistant  professor  of  mathe- 
matics. 

do 


On  duty.  National  Armory 

Commnnding  the  Fort  Union  Arsenal. .. 

On  sick  leave  of  absence 

do 

On  duty,  Fort  Monroe  Aisenal 

On  duty,  Allegheny  Arsenal 

On  duty,  Indianapolis  Arsenal 

On  sick  leave  of  absence 

On  duty,  Watervliot  Arsonal 

On  duty,  Augusta  Arsenal 


Springfield,  Mass. 


Fort  Abraham  Lincoln,  Dak. 

Springfield,  Mass. 

Philadelphia,  Pa. 

West  Point  Foundry,   Cold 

Spring,  N.  Y. 
Watertowu,  Mass. 
West  Point  Foundry,   Cold 

Spring.  N.  Y. 
Newport,  Ky. 

Springfield.  Mass. 
Benicia,  Cat. 
Rock  Island,  IlL 
Phihidclphia,  Pa. 
Rock  Island,  III. 
West  Point,  N.  Y. 

Do. 

Do. 


Sprinfffleld,  Mass. 
Fort  Union,  N.  Mex. 
West  Newton,  Mass. 
Mt^chanicsville,  N.  Y. 
Old  Point  Comfort,  Va. 
PittHburgh,  Pa. 
Indianapolis,  Ind. 
'Washington.  D.  C. 
West  Troy,  N.  Y. 
Augusta,  Ga. 


EEPORTS  OF  THE  CONSTRUCTOR  OF  ORDNANCE. 


Office  of  the  Constructor  of  Ordnance, 

Neic  York  City,  October  8, 1881. 

Sir  :  I  have  the  honor  to  transmit  herewith  the  following  official  papers 
to  accompany  your  annual  report,  viz : 

Construction  report  of  11-inch  breech-loading  chambered  rifle,  with 
one  plate. 

Construction  report  of  11-inch  muzzle-loading  chambered  rifle,  with 
one  plate. 

Construction  report  of  8-inch  breech-loading  chambered  rifle,  with  one 
plate. 

Construction  report  on  3.20-inch  breech-loading  chambered  rifles, 
with  one  plate. 
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Construction  report  on  carriage  for  3.20-incli  breech-loading  chambered 
ritle,  and  with  description  of  the  Engelhardt  field  carriage  (a  translaition). 

Progress  report  on  construction  of  four  12-inch  breech-loading  cham- 
bered rifles  aud  carriage,  with  one  plate. 

Progress  report  on  construction  of  12-inch  breech-loading  chambered 
rifled  howitzer  and  carriage,  one  plate. 

Progress  report  on  plant  for  fabrication  of  12-inch  breech-loading  rifles. 

Report  on  tests  of  Firth's  steel. 

Progress  report  on  experimental  cannon  powders. 

The  above  construction  reports  on  guns  and  carriages  were  prepared 
by  the  assistants  to  the  Constructor  of  Ordnance,  who  have  had  charge 
of  their  fabrication.  The  signature  of  the  writer  is  attached  to  the  reports 
on  t«sts  of  steel,  and  experimental  cannon  powders. 
Very  respectfully,  your  obedient  servant, 

OHAS.  S.  SMITH, 
Captain  of  Ordnance^  U.  8.  A.,  Assist^int  to  Constructor  of  Ordnance* 

The  Chief  of  Oednanob,  U.  8.  A., 

Washington^  D.  C. 


APPENDIX  37. 

CONSTRUCTION  REPORT  OF  AN  11-INCII  BREECH-LOADING  CHAMBERED 
RIFLE,  CONVERTED  FROM  A  ir,-INCH  RODMAN  SMOOTH-BORE,  BY  LIN- 
ING WITH  A  STEEL  JACKETED  COILED  WROUGHT-IRON  TUBE  IN- 
SERTED FROM  THE  BREECH,  JACKET  OF  THE  TUBE  BEING  PROLONGED 
TO  THE  REAR,  AND  ADAPTED  FOR  THE  INSERTION  OF  THE  ROUND 
WEDGE  FERMETURE. 

(One  plate.)  , 

This  piece  consists  of  a  cast-iron  casing,  which  contains  a  compound 
lining  of  steel  and  wrought  iron  and  is  reinforced  by  a  steel  breech- 
band.  The  breech  is  closed  by  a  steel  block  which  has  a  lateral  motion, 
after  the  Knipp  system.  The  casing  was  obtained  by  cutting  off  a  15- 
inch  Eodman  smooth-bore  gun  to  a  length  of  173".5^  turning  down  the 
breech  to  receive  the  band  and  boring  up  the  interior  to  prepare  it  for 
the  lining.  The  compound  lining  is  a  coiled  wrought-iron  tube  of  the 
same  length  as  the  casing,  reinforced  by  a  steel  breech- receiver,  shrunk 
on  to  cover  it  for  a  distance  of  75''  from  the  base.  The  breech-receiver 
projects  32''.75  to  the  rear  of  the  tube  and  casing,  and  is  mortised  for  tlie 
reception  of  the  breechblock,  and  parts  of  its  mechanism.  The  steel 
breech-band  embraces  the  rear  of  the  casing  with  a  shrinkage  of  0''.03, 
and  is  secured  by  three  pins  equidistant  from  each  other,  parallel  to  the 
axis  of  the  bore,  and  halved  into  the  exterior  of  the  casing  and  interior 
of  the  band. 

The  breech  mechanism  is  identical  in  its  operation  with  that  of  the 
8''  breech-loading  rifle,  described  in  Report  of  the  Chief  of  Ordnance 
1878,  pp.  359  and  360. 

RIFLING,   CHAMBERING,   AND  VENTING. 

The  gun  contains  50  grooves  and  lands. 

Depth  of  grooves O^.OS 

Width  of  grooves « 0"A(i 

Width  of  binds O''.2303 

Twist  uniform.  One  turn  in  45  calibers  =  41'.25.  The  powder-chamber 
is  39'M2  long.  It  is  cylindrical  in  shape,  12''  in  diameter  for  a  distance 
of  35'M2  from  the  breech,  and  terminates  in  a  conic  frustum  4"  long 
with  a  least  diameter  of  11".22.  In  front  of  the  chamber  is  a  seat  for 
the  base  of  the  projectile  1".9  long  and  11".22  in  diameter.  A  conic  frus- 
tum 1".4  long  connects  the  seat  with  the  surface  of  the  lands.  The 
axis  of  the  vent  10"  from  the  breech  of  casing  is  perpendicular  to  th« 
axis  of  the  bore,  and  2".5  to  the  left  of  this  axis. 

FABRICATION. 

The  conversion  was  carried  on  at  the  South  Boston  foundry.  The 
casing  was  made  from  the  15"  Rodman  smooth-bore  jS^o.  130,  fabricated 

at  the  same  foundry  in .    The  density  and  tenacity  of  the  metal 

were  as  follows : 

Density 7.8592 

Tenacity,  pounds 39.346 

3« 
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The  wrought-irou  tube  was  mauufactnred  at  the  West  Point  foundry 
from  Ulster  tube  iron  in  six  coiled  sections.  The  bars  for  the  two  rear 
sections  were  2".75  square,  those  for  the  middle  section  were  4"  by 
3''.35,  and  hexagonal  in  form;  those  for  the  three  forward  sections  were 
2".75  square.  The  sections  were  butt-welded  together,  bored  up  to  11'', 
turned  down  to  a  diameter  a  little  in  excess  of  that  required  for  the 
jQnished  tube,  and  subjected  to  a  water  pressure  of  180  pounds. 

A  mean  of  live  results  gave  the  physical  characteristics  of  specimens 
taken  from  the  bars  as  foUows : 

Tenacity,  pounds 48,500 

Eltifitic  limit,  pounds 25,667 

Elongation  per  inch,  at  rupture , 0''.28^ 

"Length  of  specimen  between  shoulders 3".000 

Original  area  of  cross  section 0".25 

A  solid  forging  was  welded  to  the  rear  of  the  tube,  and  bored  out  to 
form  a  seat  for  the  gas-check.  The  breech-receiver,  block,  and  band 
were  made  of  English  steel  received  from  Firth  &  Co.,  of  Sheffield. 
The  receiver  and  band  were  oil-tempered.  The  physical  characteristics 
of  steel  specimens  taken  from  the  receiver  are  shown  in  an  appended 
table. 

To  prepare  the  casing  for  the  lining  it  was  bored  up  to  15''.25,  recessed 
for  the  muzzle-collar,  and  cut  off  at  the  breech  to  the  required  length. 
It  was  then  counterbored  as  follows : 

For  3"  from  breech  to  34''. 
For  6"  additional  to  32''. 
For  24".5  additional  to  27". 
For  41".5  additional  to  22".45. 
For  2".5  additional  to  16".75. 

The  end  of  each  counterbore  was  rounded  off  to  form  a  suitable 
shoulder,  and  a  thread  for  the  breech-receiver  0^'A  deep  was  cut  in  the 
32''.45  diameter.  The  exterior  of  the  casing  was  then  turned  down  to 
46'^5  for  a  distance  of  16^'  from  the  breech,  and  to  46''.448  for  an  addi- 
tional distance  of  3"  to  receive  the  breech-band.  The  interior  of  the 
breech-receiver  was  bored  up  to  the  diameter  required  to  fit  the  tube, 
and  the  slot  was  drilled  out,  planed,  and  bored  for  the  breech-block. 

The  wrought-irou  tube  was  chambered,  rifled,  and  recessed  for  the 
gas-check.  It  wa«  then  turned  to  0''.003  greater  diameter  than  the 
interior  of  the  breech-receiver.  The  receiver  and  tube  were  shrunk 
together,  and  turned  down  on  the  exterior  to  dimensions  hereinafter 
given. 

In  order  to  provide  for  longitudinal  expansion  of  the  casing  when 
heated  for  insertion  of  the  tube,  the  shoulders  upon  the  jacket  were  so 
finished  as  to  prevent  contact  of  the  jacket  and  breech-receiver,  until 
the  shoulder  of  the  wrought-iron  tube  was  brought  to  a  firm  bearing. 
The  screw-thread  was  also  given  sufficient  clearance  to  allow  it  to  be 
screwed  home  properly. 

The  breech-band  was  turned  and  bored. 

The  assemblage  of  the  casing,  lining,  and  breech-band  was  success- 
fully effected  in  the  same  manner  as  described  for  the  8"  breech-loading 
rifle  in  report  of  Chief  of  Ordnance  for  1878,  pp.  301  and  362. 

The  breech-block  and  its  appurtenances  were  meantime  completed,  and 
fitted  to  the  slot. 

INSPECTION. 

The  workmanship  and  finish  of  the  gun  were  good  in  every  respect* 
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PRINCIPAL  DIMENSIONS. 

Inches. 

Total  len^h  of  gun 206.12 

X«ength  ot  cast-irou  casing 173.56 

Length  of  wrought-iron  tube 173.56 

lieugth  of  Bteel  jacket 107.75 

XjeDgth  of  breech-band 19 

Exterior  diameter  of  breech-band 52.5 

Inferior  diameter  of  breech- band 46.493 

Exterior  diameter  of  casing  under  breech-band 46.534  . 

Length  of  neck  of  tube 7.20 

Length  of  muzzle-collar 7.20 

Diameter  of  neck  of  tube 13.494 

Interior  diameter  of  muzzle-collar 13.505 

Length  of  recess  for  muzzle-collar 7.41 

Diameter  of  recess  for  muzzle-collar 15.991 

Length  of  rifled  portion  of  bore 131.99 

Length  of  cylindrical  part  of  chamber 35. 12 

Length  of  conical  part  of  chamber 4 

Length  of  chamber,  total 39.12 

Length  of  seat  for  base  of  shot 1.9 

Diameter  of  bore  across  lands 11 

Diameter  of  cylindrical  part  of  chamber 12 

Least  diameter  of  conical  part  of  chamber 11.22 

Diameter  of  seat  for  base  of  shot 11.22 

Width  of  lands 0.2303 

Width  of  grooves 0.46 

Depth  of  rifling 0.08 

Twist  of  rifling,  one  turn  in  45  calibers 41.85 

Length  ot  breech-block 35.5 

Width  of  breech-block 14 

Thickness  through  center 19. 7 

Width  of  slot  for  breech-block 14.05 

Length  of  translating  screw 37.82 

Diameter  across  threads 1.745 

Length  of  lockin^-uut 7. 27 

Diamtter  of  lockmg-nut 7.525 

Lbs. 

Weight  of  gun 56,689 

Preponderance 874 

Table  l.—JtelaHw  diamelert  of  the  interior  of  iteH  jacket,  and  that  part  of  wrovghi^iron  tube  over  wkteh 

it  woe  thrunk  —11"  breech-loading  converted  r\/le. 
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—SelaHta  cKametvn  of  t\t  (uleriiw  of  »ieel  jacket,  ^e. — Coutioned. 


i! 

1 

2 

1 

1 

1 

1^ 

1! 

ft 

X^                         1 

1              1 

1        ~~a~ 

ifl.Tsa 

ia.711 

002 

M 

16  740 

1S.T41 

001 

<             H 

10.739 

81 

10.740 

4  7*1 

001 

ooa 

10.740 

001 

4« 

)B.T< 

*' 

M 

ia74o 

001 

*S 

002 

•          o 

10.74 

001 

002 

w 

lfl.7* 

e.74 

SI 

16,  7M 

003 

1B.T39 

G8 

]«.73B 

003 

DOS 

Id,  Tag 

OOI 

004 

OOS 

ua 

» 

UtTSB 

10,7* 

002 

oos 

002 

iB.7ao            - 

IB.  74 

002 

1B.T30         1       - 

004 

» 

1(1.739 

18,741 

002 

1 

I 

ii 

1 

1 

1 

1 

ii 

1 

P 

i 

1^ 

5 

i 

i 
InOt,. 

a 

i 

i8 

iKllM 

Inchtt. 

IneAa. 

7«k«. 

Jndlu. 

/ncAu.           J«. 

aa». 

B 

IS.  225 

16.227               _ 

82 

is!  240 

15.227             _ 

li.2n 

1S.22« 

16. 2M 

52a         ^ 

oil 

1S.22« 

5.228               -, 

IS 

15.220 

88 

is!  230 

B.228             _ 

IS.  MO 

16.239 

6.227             ^ 

20 

IS.  238 

112 

32 

is:  226 

16.239 

5!iJ      i; 

24 

IS.  240 

15.228 

85 

15  239 

6.227               _ 

M 

D09 

is!  228 

0.781      i; 

OOS 

15.241 

88 

15  770 

1&781               _ 

00* 

12 

22.455             + 

012 

U 

15  227 

15.241 

15.227 

22,453 

009 

n 

114 

oil 

15.240 

15.227 

2^443 

IS.  24 

IB.  227 

2Z462 

009 

IS.  227 

138 

23.238 

23.237 

15.24 

15.227 

1^240 

15.227 

27!  009 

M 

16.227 

143 

2i 

004 

27.010 

oos 

u 

15  228 

003 

w 

^.012 

14B 

T 

008 

27.010 

u 

15  228 

ooa 

008 

w 

15  228 

004 

ot!  010 

12 

IS.Htl 

OOL 

27.011 

H 

% 

004 

0O7 

n 

004 

008 

n 

15  240 

TO 

1S« 

^ 

987 

32.  DOS 

BIT 

32.008 

15  241 

15.228 

83.807 

84.008 

T« 

^012 

172 

13.897 

84. 008 

909 

16.240 

15.228 

—  012 

386 


REPORT  OP  THE  CHIEF  OF  ORDNANCE. 


Table  showing  the  extension,  restoration,  and  permanent  eet,  per  inch  in  length,  caused  hy  ihs 
nnder-mentioned  weights,  per  square  inch  of  section,  acting  on  a  solid  cylinder  of  UriVs 
steel,  9.998  inches  long  and  0.645  inch  diameter,  taken  from  Jacket  of  ll-f«e^  hreeck- 
loading  rifle  No,  1. 
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SDeolllo 
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OEITBBAI.  SUUUABT. 


KlMtic  limit 

EiteDBlon,  p«T  Inoh,  at  elutio  limit .  ■ 
ExUnalon.  per  inch.  »t  rnptnre 

OriKiuiil  u«  of  crwi»*ectloa 

ArvaatUimptore 

Poaltlon  of  raptn™ 

CtianotoTDrfhutara 


Tahie  ihoving  Ihttxlmsiom,  raloratian,  and  perman^iil  Ml  per  ineh  in  length  mmmij  bs  'fi* 
undermentioned  weighU,  per  s^narc  inoh  of  aeolion,  acting  on  a  wlid  cj/linder  of  Firth's 
aleel  2.995  inches  long  and  0.564  inch  diameter,  taken  from  jacket  of  ll-iHcA  ireedk-load- 
ing  TiJU  No.  1. 
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Table  shomng  the  cxtetmon,  restoration,  and  permanent  set,  <f'c. — Continued. 
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Specimen  broke. 

GENERAL  SUMMARY. 

Specific  fcraTity .* 7.8405 

Tennile  strength,  per  sqoare  inch pounds..        63,6612 

ElxBtic  limit pounds..       22,000 

Extennion,  per  inch,  at  elastic  limit inch....      0.00166 

Extt-nsion,  per  inch,  at  rupture inch....         0.128 

linrduehs 10.370 

Oii)2;i>  al  area  of  cross-section % .square  inch 0.24983 

Aiea  alter  rupture square  inch ... .      0.16691 

Pcisii ion  of  rupture Xear  center. 

Character  of  fracture Mixed,  fibrous,  and  fine  crystalline. 

Tahle  shomng  the  ertensUm^  restoration,  and  permanent  set  per  inch  in  lettgth  caused  by  the 
undermentioned  weights,  per  square  inch  of  section^  acting  on  a  solid  cylinder  of  FirtVs 
steel  3.005  inches  long  and  0.563  inch  diameter,  taken  from  jacket  of  11  inch  breeck-load- 
ing  rifie  No.  1. 
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21.000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

A 
o 


a  ° 


H 

m 


Incheg. 

0.  OOiMM) 

.00000 

.00000 

.  owm 

.00033 
.  0(»033 
.00033 
.  00033 
.00066 
.00066 
.00100 
.00100 
.00100 
.  00100 
.  00100 
.00100 
.00100 
.00138 
.  00133 
.00166 
.00200 
.00266 
.00:{33 
.00333 
.00333 
.00433 
.00600 
.00633 


Inchet. 
0.  00000 
.  00000 
.00000 
.  00033 
.00000 
.00000 
.00000 
.00000 
.00033 
.00000 
.  00034 
.00000 
.00000 
.00000 
.00000 
.00000 
.  00000 
.00033 
.00000 
.00033 
.00034 
.00066 
.00067 
.00000 
.00000 
.00100 
.00167 
.00033 


n,  per 
gth. 

ee  A 

■21 

ta 

•*A 

C  M 

Za 

•ffiSva 

S^. 

a  X 

oca 

7,  S 

V-t  4» 

Pi 

Inches. 

Inchet. 

0.00000 

0.00000 

.  00000 

.00000 

.00000 

.00000 

.  0033 

.00033 

.00033 

.00000 

.90033 

.00000 

.  00033 

.90000 

.00033 

.00000 

.00066 

.00033 

.  00100 

.00034 

.60100 

.00000 

. 00100 

.00000 

.00100 

.00000 

.00100 

.00000 

.00066 

—  .00034 

.00066 

.00000 

.00066 

.00000 

.00066 

.00000 

.00033 

—  .00033 

.00066 

.00038 

.00066 

.00000 

.00066 

.00000 

.00066 

.00000 

.00066 

.00000 

.00066 

.00000 

.00066 

•.00000 

.00100 

.  00.>34 

.00066 

—  .00034 

o 

§■9 
A4 


Inche*. 

InehM. 

0.00000 

0.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00:00 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00033 

.00083 

.00033 

.00000 

.00033 

.00000 

.00066 

.00033 

.00100 

.00034 

.00100 

.00000 

.00133 

.00033 

.00200 

.00067 

.00266 

.00066 

.00266 

.00000 

.00266 

.00000 

.00366 

.00100 

.00500 

.00134 

.00566 

.00066 

■^y>         *^  A'     OP   THE   CHIEF   OP   ORDNANCE. 
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'^^^Xe  »limu0  ^'   ^**«»«««an,  restoratiaUy  and 

permanent  self  if-o. — Continned. 

1 

o  0 

b  restora- 
r  inch  in 

• 

t  set,  per 
length. 

l^                 I                    SI'S 
^        pq        c» 

estora 
inch  in 

^  a  • 

131 

ennanen 
inch  in 

S  Ir  •** 
2  c 

M 

OS 

A< 

00 

Pound*.            Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

29,000 

.00733 

.00100 

.00066 

.00000 

.00666 

.00100 

30.000 

.00766 

.00033 

.00100 

.00034 

.00666 

.00000 

31.000 

.00900 

.00134 

.00100 

.00000 

.00800 

. 00134 

32,000 

.00933 

.00033 

.00100 

1.00000 

.00833 

.00033 

a3,ooo 

.00966 

.00033 

.00066 

—  .00034 

.00900 

.00067 

34,000 

.01033 

.00067 

.00133 

.00067 

.  00966 

.00066 

85.000 

.  01033 

.00000 

.00100 

—  .00033 

.00966 

.00000 

86.000 

.01200 

.00167 

.00100 

.00000 

.01100 

.00133 

87.000 

.01566 

.00366 

.00133 

.00033 

. 01433 

.00333 

88.000 

.01566 

.00000 

.00133 

.00000 

.01433 

.00000 

39,000 

.01733 

.00167 

.00166 

.00033 

.01566 

.00133 

40,000 

.01833 

.00100 

.00133 

—  .00033 

.01700 

.00134 

41.  000 

.02200 

.00367 

.00200 

.00067 

.02000 

.00300 

42,000 

.02433 

.00233 

.00233 

.00083 

.02200 

.00200 

43,000 

.02600 

.00167 

.00200 

—  .00033 

.02400 

.00200 

44,000 

.02900 

.00300 

.00200 

.00000 

.02700 

.  00300 

45.000 

.02966 

.00066 

.00266 

.00066 

. 02700 

.00000 

46,000 

.03100 

.00134 

.00233 

—  .00033 

.02933 

.  00233 

47,000 

.03100 

.00000 

. 00200 

—  .00033 

.02966 

.00033 

48,000 

.03438 

.00333 

.00200 

.00000 

.03233 

.00267 

49,000 

.03600 

.00167 

.00266 

.00066 

.03333 

.00100 

50,000 

.03800 

.00200 

.00233 

—  .00033 

.03566 

.  00233 

51.000 

.03833 

.00033 

.00233 

.0000) 

.03600 

.00034 

52,000 

.04366 

.00533 

.00266 

.00033 

.04100 

.00500 

53,000 

.04833 

.00467 

.00233 

.—  .00033 

.04600 

.00500 

54,000 

.05300 

.00467 

.00266 

.00033 

.05033 

.00433 

55,000 

.05833 

.00533 

.00300 

.00034 

.  05533 

.00500' 

66,000 

.05866 

.00033 

.00300 

.00000 

.05566 

.  00033 

67,000 

.06166 

.00300 

.00300 

.00000 

.05866 

.00300 

58,000 

.06833 

.00667 

.00300 

.00000 

.06533 

.00667 

59,000 

.07768 

.00933 

.00333 

.00033 

.07433 

.00900 

60.000 

.07833 

.00067 

.00300 

..  .00033 

.07538 

.00100 

61,000 

.08100 

.00267 

.00466 

.00166 

.07633 

.00100 

62,000 

.08366 

.00266 

.00333 

—  .00133 

.08033 

.00400 

63,000 

.09133 

.00767 

.00300 

_  .00033 

.08866 

.00833 

64.000 

.10333 

.01200 

.00333 

.00033 

.10000 

.00134 

66,000 

.11500 

.01167 

.00366 

.00033 

.11133 

. 01133 

66,000 

.12900 

.01400 

.00333 

—  .00033 

.12566 

.  01433 

67,000 

St>efiiinpn  hmlcA. 

^J%9\j^j  *  "  "1  ^ 

GENERAL  SUMMARY. 

Specific  gravity 7.8764 

Tensile  strength,  per  square  inch pounds. .  67, 024 

Slastio  limit pounds..  14.000 

Kxtension  per  inch,  at  ehintic  limit ii»ol» 0.00100 

XSxtonsion  per  Inch,  atninture  ^^^ 0.129 

Hardness 11.862 

Original  area  of  cross-section  .'..'-- iiquareinch 0.24804 

^rea  after  rupture '/-'.' square  inch 0.15344 

Position  of  rupture ^ [[[ Below  centre. 

ChAracter  of  fracture...'.' ".'.V. Mixed,  fibrous,  and  fine  crj'stalline. 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


TMe  showing  the  extenaiofif  restoration^  and  permanent  setf  per  inch  in  lengthy  caused  hy  ike 
under-mentioned  weight8f  per  square  inch  of  section,  acting  on  a  solid  cylinder  of  FirtVi 
steel,  10.025  inches  long  and  0.650  inch  diameter,  taken  from  jacket,  of  11-iitG^  breech 
loading  rifie  No,  1. 


H 
1^ 

1     • 

exten- 
inch  in 

Bestoration,  per 
inch  in  length. 

restora- 
inch  in 

set,  per 
ingth. 

la 

Extension, 
in  lenj 

i 

Successive 

1      tion,  per 

length. 

Permanent 
inch  in  li 

Successive 
nent  set, 
in  longth< 

Found*. 

Inches. 

Inehe*. 

Inches. 

Inehee. 

Inches, 

Inekes. 

1,000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

2,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

3,000 

.0001 

.0001 

.0001 

.0001 

.0000 

.0000 

4,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

5,000 

.0002 

.0001 

.0002 

.0001 

.0000 

.0000 

6,000 

.0002 

.0000 

.0002 

.0000 

.0000 

.0000 

7,000 

.0003 

.0001 

.0003 

.0001 

.0000 

.0000 

8,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

9,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

10. 000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

11,000 

.0004 

.0001 

.0004 

.0001 

.0000 

.0000 

12,000 

.0004 

.0000 

.0004 

.0000 

.0000 

.0000 

13,000 

.0005 

.0001 

.0005 

.0001 

.0000 

.0000 

14,000 

.0005 

>    .0000 

.0005 

.0000 

.0000 

.0000 

15,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

16,000 

.0006 

.0001 

.0006 

.0001 

.0000 

.0000 

17,000 

.0007 

.0001 

.0006 

.0000 

.0001 

.0001 

18,000 

.0007 

.0000 

.0006 

.0000 

.0001 

.0000 

19,000 

.0007 

.0000 

.0006 

.0000 

.0001 

.0000 

20,000 

.0008 

.0001 

.0007 

.0001 

.0001 

.0000 

21,000 

.0009 

.0001 

.0007 

.0000 

.0002 

.0001 

22,000 

.0011 

.0002 

.0008 

.0001 

.0003 

.0001 

23,000 

.0013 

.0002 

.0008 

.0000 

.0005 

.0002 

•  24,000 

.0015 

.0002 

.0008 

.0000 

.0007 

.  0  '02 

25, 000 

.0018 

.0003 

.0008 

.0000 

.0010 

.0003 

26, 000 

.002;^ 

.0005 

.0010 

.0002 

.0013 

.0003 

27,000 

.0033 

.0010 

.0010 

.0000 

.0023 

.0010 

28.  000 

.0038 

.0005 

.0010 

.0000 

.0028 

.0005 

29,000 

.0047 

.0009 

.0012 

.0002 

.0035 

.0007 

30,000 

.0053 

.0006 

.0010 

—.0002 

.0043 

.0008 

81,000 

.0063 

.0010 

.0010 

.0000 

.0053 

.0010 

32,000 

.0073 

.0010 

.0012 

.0002 

.0061 

.0008 

33.000 

.0083 

.0010 

.0013 

.0001 

.0070 

.0009 

34,000 

.0003 

.0010 

.0014 

.0001 

.0070 

.0009 

35,000 

.0103 

.0010 

.0014 

.0000 

.0089 

.0010 

36,000 

.0113 

.0010 

.0015 

.0001 

.0098 

.0009 

37,000 

.0126 

.0013 

.0016 

.0001 

.0110 

.0012 

38,000 

.0134 

.0008 

.0015 

—.0001 

.0119 

.0009 

39,000 

.0150 

.0016 

.0017 

.0002 

.0133 

.0014 

40,000 

.0162 

.0012 

.0018 

.0001 

.0144 

.0011 

41,000 

.0176 

.0013 

.0019 

.0001 

.01.56 

.0012 

42,  000 

.0188 

.0013 

.0018 

—.0001 

.0170 

.0014 

43,000 

.0200 

.0012 

.0019 

.0001 

.0181 

.0011 

44,000 

.0216 

.0016 

.0019 

.0000 

.  0197 

.0016 

45,000 

.0231 

.0015 

.0020 

.0001 

.0211 

.0014 

46,000 

.0253 

.0022 

.0020 

.0001 

.0233 

.0022 

47,000 

.0267 

.0024 

.0021 

.0001 

.0246 

.0013 

48,000 

.0287 

.0020 

.0021 

.0000 

.0206 

.0020 

49,000 

.0305 

.0018 

.0022 

.0001 

.0283 

.0017 

50,000 

.0325 

.0020 

.0023 

.0001 

.  0302 

.0019 

51,000 

.0350 

.0025 

.0024 

.0001 

.0320 

.0018 

52,000 

.0373 

.0023 

.0025 

.0001 

.0348 

.0038 

53,000 

.0309 

.0026 

.0026 

.0001 

.0373 

.0025 

54,000 

.0425 

.0026 

.0026 

.0000 

.0399 

.0026 

55,  000 

.0451 

.0026 

.0022 

—.0004 

.0429 

.0030 

56,000 

.0495 

.0044 

.0027 

.0005 

.0468 

.0039 

57,000 

Specimen  breaks  in  shoulde 

1          1 

r. 

GENERAL  SUMMARY. 

S;>eciflc  gravity 7.8511 

Tensile  atrengtii,  per  square  inch,  under  gradually  increasing  strains ponuds . .        57, 000 

El;i8tio  limit pounds..        16,000 

ExtennloD,  per  inch,  at  clastic  limit inch..        0.0006 

ExteDsion,  per  inch,  at  rupture inch..        0.0495 

Hardness 13.018 

Original  area  of  cross-section .' square  inch..      0.33183 

Area  after  rupture square  inch . . 

Post  tion  of  rupture In  shoulder. 

Character  of  fracture Sharp  erystaUine. 


r 

1 

j 

1 

! 

II 1 

'  1   1 

1 

s 

, 

E 

.. 

1 

\     . 

,  J 

' 

1    1    ^= 

H   B.L.C 

J k 

o              v.. 

-.                        1 

I 

o 

z 

Xhd 

1 

1 

i. 

. 

, 

,u:=^ 

TO 

i 

y 

jitr*diink.iHi. 

APPElinOE£  37a. 

CONSTRUCTION  REPORT  OF  THE  11-INCH  CHAMBERED 'MUZZLE-LOADING 
RIFLE,  CONVERTED  FROM  A  15-INCH  SMOOTH-BORE  RODMAN  GUN. 

(One  plate.) 

PRELIMINARY  REMARKS. 

The  presence  of  the  chamber  is  the  characteristic  feature  which  dis- 
tinguishes this  rifle  from  the  11-inch  muzzle-loading  converted  rifle 
described  in  the  report  of  the  Chief  of  Ordnance  for  1879 ;  but  the  shoul- 
der of  the  jacket  which  existed  in  that  gun  has  been  dispensed  with  in 
the  new  construction,  and  the  diameters  of  the  tube  and  jacket  have 
been  necessarily  increased,  and  the  dimensions  of  the  breech -cup  slightly 
changed. 

DESCRIPTION  OP  GUN. 

Plate  I  represents  in  section  the  principal  details,  which  are  as  follows : 
The  original  15inch  cast-iron  smooth-bore,  bored  and  counterbored  to 
receive  the  lining;  the  tube  of  coiled  wrought  iron  {welded),  closed  at 
bottom  by  a  wrought-iron  cup;  the  hollow  wrought-iron  jacket  shrunk 
upon  the  rear  of  the  tube,  and  projecting  in  rear  of  it  to  the  face  of  the 
breech;  the  cast-iron  breech  plug  and  its  wrought-iron  sleeve;  the  muz- 
zle collar;  the  securing  pins,  and  the  gas  escape. 

RIFLING. 

The  rifling  of  the  gun  consists  of  19  lands  and  grooves  of  equal  width. 

Width  of  lands 0.909 

Width  of  grooves 0.909 

Depth  of  grooves 0.09 

Twist  uniform,  one  turn  in  60  feet. 

The  rifling  stops  at  tlie  mouth  of  the  chamber. 

CHAMBER. 

InohM. 

Diameter  of  chamber 12.0 

Length  of  cylindrical  part 29.75 

Length  of  bevel 4.00 

Depth  of  breech-cup ' 4.50 

Totallengthof  chamber 38.25 

VENTING. 

The  old  vent  is  closed  by  a  wrought-iron  screw  plug,  and  a  new  vent 
is  made  at  a  distance  of  9.5  inches  from  the  bottom  of  the  bore  and  2.5 
inches  to  the  left  of  the  vertical  plane  through  the  axis  of  the  bore. 

TRUNNIONS. 

For  the  purpose  of  correcting  muzzle  preponderance,  the  axis  of  the 
trunnions  is  moved  0.5  inch  toward  the  muzzle  by  reducing  the  diame- 
ters eccentrically  from  15  to  14  inches. 
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FABRICATION. 

The  tube  was  manufactared  and  work  of  conversion  performed  at  the 
West  Point  foundry,  and  the  gun  selected  for  the  conversion  was  15- 
inch  Eodman  smooth-bore  I^o.  82,  manufactured  at  the  South  Boston 
foundry  in  1865.  The  tube  was  made  of  Ulster  tube  iron,  the  inner  tube 
and  breech  cup  of  "A^'  quality,  and  the  jacket,  sleeve,  and  muzzle  collar 
of  "B^' quality. 

The  following  results  were  obtained  by  mechanical  tests  of  specimens 
cut  with  the  fiber  from  the  bars  used: 


SpecimeoB  ^m — 


4"  X  3".35  hezAgonal  bar  (moan  of  three  resulto) 

8"  square  bar 

2}"  square  bar  (mean  of  two  resnltB) 

do.  do.  

Si'' square  bar 


5 


In. 

3.00 

3.00 

3.00 

3.00 

3.00 


A 


m 

g 


I 


Sq.in. 

0.2497 

0.255 

0.253 

0.252 

0.253 


Pi 

s  • 
a  a* 


Lb9, 
48,167 
48,500 
40.000 
51,  000 
48,500 


Si 

4* 

P.5 

1 

§ 

1* 

m 

"S  ® 

B 

H-3 

Lb9. 

Tneh. 

25,333 

0.274 

25,000 

0.306 

25.000 

0,314 

26, 000 

0.286 

24,000 

0.277 

Semarks. 


•*A"  quality. 

Do. 

Do. 
"B"quaUty. 

Do. 


The  tube  was  made  in  six  sections,  as  described  in  the  construction 
report,  of  11-inch  converted  muzzle-loading  rifle  No.  1,  report  of  the  Chief 
of  Ordnance  for  1879,  and  the  other  details  of  construction  were  identi- 
cal with  those  described  in  that  report,  except  that  the  tube  was  cham- 
bered before  the  breech  cup  was  screwed  into  place. 

INSPECTION. 

The  tube  and  jacket  were  proved  with  a  water  pressure  of  180  pounds 
to  the  square  inch ;  careful  inspections  were  made  of  every  detail  inci- 
dent to  the  construction;  and  the  gun,  after  completion,  finally  inspected, 
accepted  as  satisfactory,  and  shipped  to  Sandy  Hook  for  powder  proo£ 

Principal  dimeniians. 


Subject  of  measurement. 


Total  lenf:th  of  inner  tube inches.. 

Length  of  jacket  over  tube do  — 

Interior  diameter  of  Jacket  over  tube do 

Diameter  of  tube  under  Jacket do  — 

Shrinkage do 

Length  i«f  jacket  in  rear  of  tube do 

Totu  length  of  complete  tube do 

Tot-ollengthof  bore  of  casing do 

Depth  of  wrought-iron  cup  m  bottom  of  to  be do  — 

Thickness  at  bottom  of  wronght-iron  cup do 

Diameter  of  interior  of  cup  at  top do.... 

'Diameter  of  interior  of  cup  at  bottom do 

Diameter  of  finished  tube  from  end  of  screw-thread  to  first  shoulder do 

Diameter  of  bore  of  casing  fk'om  end  of  screw-thread  to  first  shoulder do 

Corresponding  play do 

Diameter  of  finished  tube  from  first  shoulder  to  second  shoulder do  — 

Diameterof  bore  of  casing  fhimflmt  shoulder  to  second  shoulder do 

Corresponding  play   do 

Diameter  of  finished  tube  firom  second  shoulder  to  neck do 

Corresponding  diameter  of  casing do 

Corresponding  play do.... 

Lengtli  of  chase  (from  neok  to  second  shoulder) do 

Length  of  firat  reinforce  (from  second  to  first  shoulder) do 

Length  of  second  reinforce  (from  first  shoulder  to  screw-thread) do.... 


Dimen- 
sions. 


1«5.7 
50.875 
1&5 
15.503 
.003 
25.5 
191.2 
189.2 
4.5 
4.0 
9.8 
6.25 
19.496 
19.5 

.008 
16.46 
16.49 
.01 
16.214 
15i216 
.002 
87.217 
11.125 
63.635 
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Principal  dimenHons — Continued. 


Subject  of  measurement. 


Lencth  of  screw  on  Jacket inches.. 

Pitch  of  screw  on  Jacket do.... 

Diame ter  o f  Jack e t  across  threads do.... 

CorrespondiDj;  diameter  of  casinK do 

Corresponding  play do 

Diameter  of  cast-iron  breech  plug  across  threads do 

Length  of  cast-iron  breech  plug do 

Diameter  of  wrought-iron  sleeve  for  breech  plog  across  threads do 

Lffligth  of  wrough t'iron  sleeve  for  breech  plug do 

Length  of  neck  of  tube do 

Length  of  muKzle  collar « do. . . . 

Length  of  recess  in  casing do 

Diameter  of  tube  over  neck .do 

Interior  diameter  of  muzzle  collar do 

Corresponding  play do 

Diameter  of  ninazle  collar  across  threads do — 

Diameter  of  recess  in  casing do 

Plav  between  collar  and  casing do.... 

Thickness  on  collar .*. do 

Pitch  of  thread  on  collar do 

Badms  of  curve  at  bottom  of  bore  of  jacket do ... . 

Badius  of  curve  at  bottom  of  tube do 

Diameter  of  gas  channel  through  casing do 

Distance  of  interior  oritice  below  axis  of  bore do 

Distance  of  exterior  orifice  from  tangent  to  base  of  gun do.... 

Length  of  bore   do 

Lengtkof  rifled  portion  of  bore..... do 

Diameter  of  bore  across  lands do 

Number  of  grooves  and  lands do 

'W'idth  of  grooves do 

Width  of  lands do 

Depth  of  grooves do 

Pitch  of  rifling,  one  turn  in feet.. 

Diameter  of  chamber .* Inches.. 

Length,  cjlindrical  part  of  chamber do 

Length  of  bevel do 

Depth  of  breech  cup do 

Total  length  of  chamber do 

Diameter  of  vent do 

Diameter  of  vent  bushing do 

Axis  of  vent  from  bottom  of  bore do 

Axis  of  vent  from  vertical  plane  through  axis  of  bore  (to  the  left) do.... 

Diameter  of  trunn  ions do 

Diameter  of  securing  pins '. do 

Distance  of  first  securing;  pin  from  muzzle  (on  the  left) do 

Distance  of  second  securing  pin  from  muzzle  (on  the  right) do 

Distance  of  third  securing  pm  flrom  muzzle  (from  above) do 

Distance  of  foui-th  securing  pin  from  muzzle  (from  below) do — 

Pinished  weight  of  rifle pounds.. 


Dimen- 
sions. 


19.75 
3.7 
20.3 
20.31 
.01 

e.5 

35.75 
12.4 
25.5 
7.0 
7.0 
7.4 
13.84 
13.85 
.01 
ie.75 
16.76 
.01 
L45 
.75 
.62 
.75 
.2 
7.5 
12.0 
161.7 
123.45 
11.0 
19.0 
.908 
.0105 
.09 
59.886 
12.0 
29.75 
4.0 
4.5 
38.25 
.20 
LO 
9.5 
2.5 
14.0 
L5 
17.5 
36.0 
58.5 
77.0 
54,660 


Bdative  diameters  of  the  interior  of  the  cast-iron  casing  and  exterior  of  the  united  tube  and 

jacket,    li'inch  muzzle-loading  chambered  r^. 

FROM  MUZZLE  COLLAR  TO  SHOULDER  ON  TUBE. 


I, 

si 


InOiBt. 
03 
91 
89 
87 
85 
88 
81 
79 
77 
75 
78 


^   . 

o  a 

la 


Inehea, 

15. 219 
15. 219 
15.220 
15. 219 
15. 217 
15. 215 

15. 217 

15. 218 
15. 218 
15. 217 
15.216 


Indhet. 
15. 218 

15. 218 

15. 219 
15. 216 

15. 212 

15. 213 
15.  215 

15. 214 
15. 214 
15. 214 
15. 214 


i 


Inches. 
Q.001 
.001 
.001 
.003 
.005 
.002 
.002 
.004 
.004 
.003 
.002 


ItUSh«9. 

40 
47 
45 
43 
41 
39 
37 
35 
83 
31 
29 


Inehea, 

15. 2G4 

15.204 

15.204 

15.204 

15.204 

15.204 

15.  205 

15.204 

15. 205 

15.205 

15.206 


I 


Inches, 

15.200 
15.  200 
15. 200 
15.200 
15.200 
15.200 
15.200 
15.200 
15.200 
15.200 
15.200 


i 


s 


Inches, 

0.004 
.004 
.001 
.004 
.004 
.004 
.006 
.004 
.006 
.005 
.006 
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Belaiive  diameters  of  the  interior  of  the  oastAron  casing ,  ^c — Continued. 


g 


§1 


Jiwhet. 
71 
69 
67 
65 
63 
61 
59 
67 
55 
63 
51 


tJnehei. 
15. 216 
15. 215 
15.208 
15. 205 
15.206 
15.206 
15.205 
15.  205 
15.205 
15.204 
15.204 


H  « 


Inches. 
15. 218 
15. 211 
15.207 
15. 205 
15.204 
15. 2<)3 
15. 203 
15. 203 
15.203 
15. 203 
15.201 


Inehei. 
.003 
.004 
.001 
.000 
.002 
.003. 
.002 
.002 
.002 
.091 
.003 


a 


IneJtei. 
27 
25 
23 
21 
19 
17 
15 
13 
11 

9 

7 


I. 

II 


Inehe*. 
15.206 
15.207 
15.208 
15.208 

15. 211 

16. 212 
15. 212 
15.212 
15.212 
15.212 
15.212 


'I 

HO 

pa 


Inchn. 

15.200 

15.200 

15.200 

15.200 

15.200 

15.200 

15.200 

15.200 

15.200 

15.200 

15.200 


i 


Indtet, 
.006 
.007 
.008 
.008 
.011 
.013 
.012 
.012 
.012 
.012 
.012 


FROM  SHOULDBR  ON  TUBE  TO  JACKET. 


Inehet. 
94 
91 


Inehet. 
16.490 
16.490 


•a  0 

H  9 


Inches. 
16.490 
16.479 


i 


a 
i. 


8 

Q 


Inches.    .  Inches. 


0.011 
.011 


87 
84 


Inches. 
16.490 
16.490 


1^ 


Inches, 
16.480 
16.481 


TBOM  FRONT  OP  JACKET  TO  SCREW  THREAD. 


1 


Inches. 

0.010 

.009 


4 

lameter  of  bore 
of  caaing. 

xterior  diam- 
eter of  tube. 

ifferenoe. 

iatance    fh>m 
breech. 

iameterofbore 
of  casing. 

1 

xterior   diam- 
eter of  tube. 

1 

P 

P 

» 

P 

P 

P 

H 

5 

Inches. 

iTushes. 

Inches. 

1 
Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

79 

19. 498 

19.496 

0.002 

49 

19.500 

19.498 

0.002 

78 

19. 498 

19.496 

.002 

48 

19.500 

19.408 

.002 

77 

19.498 

19.496 

.002 

47 

19.501 

19.498 

.003 

76 

19. 498 

19. 490 

.002 

46 

19.  .501 

19.498 

.003 

75 

19. 498  . 

19.496 

.002 

45 

19.500 

19. 498 

.002 

74 

19.498 

10.496 

.002 

44 

19.501 

19. 498 

.003 

73 

19.498 

19. 496 

.002 

43 

19.501 

19.498 

.008 

72 

19. 499 

19. 496 

.003 

42 

19.500 

19.408 

.002 

71 

19.498 

19.496 

.002 

41 

19  501 

19.498 

.003 

70 

19. 498 

19.496 

.002 

40 

19.500 

19  408 

.002 

69 

19. 498 

19.496 

.002 

39 

19.500 

19. 498 

.002 

68 

19.499 

19.496 

.003 

88 

19.500 

19.498 

.002 

67 

19.499 

19.496 

.003 

1   37 

19.501 

19.498 

.003 

66 

19.499 

19.496 

.003 

36 

19.501 

19.498 

.003 

65 

19.499 

19.  497 

.002 

35 

19.501 

19.498 

.003 

64 

19.490 

19.497 

.002 

34 

19.601 

19.498 

.003 

63 

19.490 

19.497 

.002 

33 

19.501 

19.496 

.001 

62 

16.499 

19. 497 

.002 

32 

19.501 

19.498 

.003 

61 

19.499 

19.497 

.002 

'   81 

19. 501 

19.498 

.003 

60 

19.499 

19.497 

.002 

30 

19.501 

19.498 

.003 

59 

19.499 

19. 497 

.002 

29 

19.602 

19.498 

.904 

68 

19.499 

19.497 

.001 

28 

19. 502 

19.498 

.004 

57 

19.499 

19.497 

.002 

27 

19.503 

19. 498 

.005 

66 

19.499 

19.497 

.002 

26 

19.503 

19.498 

.005 

55 

19  409 

19.497 

.002 

25 

19.502 

19.408 

.004 

54 

19.499 

19.497 

.002 

24 

19.  502 

19.498 

.004 

53 

19.499 

19.497 

.002 

23 

19.503 

19.498 

.005 

52 

10.496 

19.497 

.002 

22 

19.503 

19.408 

.005 

51 

19.499 

19.497 

.002 

21 

19.603 

1&496 

.005 

60 

19.499 

19.497 

.002 

APPENDES  376. 

CONSTRUCTION  REPORT  OF  AN  8-INCH  BREECH-LOADING  CHAMBERED 
RIFLE,  CONVERTED  FROM  A  10-INCH  RODMAN  SMOOTH-BORE,  BY  LIN- 
ING WITH  A  STEEL  JACKETED  COILED  WROUGHT-IRON  TUBE,  IN- 
SERTED  FROM  THE  BREECH;  JACKET  OF  THE  TUBE  BEING  PROLONGED 
TO  THE  REAR  AND  ADAPTED  FOR  THE  INSERTION  OF  THE  ROUND- 
WEDGE  FERMETURE. 

(One  plate.) 

This  gun  was  constructed  in  general  like  that  described  in  the  report 
of  Chief  of  Ordnance  for  1878,  p.  357,  et  seq. 

RIFLING,   CHAMBERING,  AND  TENTING. 

The  rifling  consists  of  40  grooves  and  lands. 

Inob. 

Depth  of  grooves 0.06 

Width  of  grooves 0.41886 

Width  of  lands 0.20943 

Twist,  uniform ;  one  turn  in  30  feet. 

The  powder  chamber  is  26'M5  long.  It  is  cylindrical  in  shape,  9"  in 
diameter  for  a  distance  of  22".15  from  the  breech,  and  terminates  in  a 
conic  frustum  4'^  long,  with  a  least  diameter  of  8'M9,  In  front  of  the 
chamber  is  a  seat  for  the  base  of  the  projectile  1''.45  long  and  8'M9  in 
diameter.  A  conic  frustum  1^^6  long  connects  the  seat  with  the  surface 
of  the  lands.  The  axis  of  the  vent,  7''  from  the  breech  of  casing,  is  per- 
pendicular to  the  axis  of  the  bore  and  2''.5  to  its  left. 

FABRICATION. 

The  casing  of  the  gun  was  made  from  a  10''  Bodman  smooth-bore. 
The  conversion  was  effected  at  the  South  Boston  foundry.  The  tube 
was  made  at  West  Point  foundry  of  Ulster  tube  iron  in  four  sections. 
The  bars  for  the  two  middle  sections  were  2".625  square,  those  for  the 
end  sections  were  2''.5  square.  The  sections  were  butt-welded  together, 
bored  up  to  8''  and  turned  down  on  the  exterior  to  a  diameter  slightly 
in  excess  of  that  required  for  the  finished  tube.  Specimens  of  the  iron 
used  were  tested  and  gave  the  following  characteristics  as  a  mean  of 
four  results : 

Tenacity 49,250  Ibe. 

Elastic  limit 26,750  lbs. 

Elongation  per  inch,  at  rupture 0'^307 

Length  of  specimens  between  shoalders 3^^000 

Original  area  of  cross-section 0'^250 

The  breech-receiver,  block,  and  band  were  made  of  English  steel,  re- 
ceived from  Firth  &  Co.,  of  Sheffield.  The  receiver  and  band  were  oil- 
tempered. 

To  prepare  the  casing  for  the  tube  it  was  bored  up  to  11'',  recessed  to 
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fit  the  muzzle  collar,  and  cat  off  at  the  breech  to  a  length  of  123".25. 
It  was  then  counterbored  as  follows: 

For  3".5  from  the  breech  to  22". 
For  10"  additional  to  20". 
For  4".5  additional  to  17".4. 
For  21"  additional  to  16".6. 
For  12".5  additional  to  12".6. 

The  end  of  each  counterbore  was  rounded  off  to  form  a  suitable 
shoulder,  and  a  thread  0".4  deep  was  cut  in  the  16".6  diameter.  The 
exterior  was  then  turned  down  to  receive  the  breech  band. 

The  completion  of  the  other  parts,  and  the  assemblage  of  the  compo- 
nents of  the  gun  were  effected  as  described  in  the  report  for  1878,  pre- 
viously referred  to, 

INSPECTION. 

The  workmanship  and  jGinish  of  the  gun  were  good  in  every  respect. 

PRINCIPAL  DIMENSIONS. 

Inches. 

Total  lenfi:th  of  gun 147.26 

Length  of  cast-iron  casing 123.25 

Length  of  wrouglit-iron  tube 123.25 

Length  of  steel  jacket 64 

Length  of  breech  band 15 

Exterior  diameter  of  breech  band 35.7 

Interior  diameter  of  breech  band 30.991 

Exterior  diameter  of  casing  under  breech  band 31.(hJ0 

Length  of  neck  of  tube 5.75 

Length  of  muzzle  collar 5.75 

Diameter  of  neck  of  tube 9.98 

Interior  diameter  of  muzzle  collar 9.9d7 

Length  of  recess  for  muzzle  collar 5.970 

Diameter  of  recess  for  muzzle  collar 11.748 

Diameter  of  muzzle  collar 11.730 

Length  of  rifled  portion  of  bore 95.57 

Length  of  cylindrical  part  of  chamber 22. 15 

Length  of  conical  part  of  chamber 4 

Length  of  chamber,  total 86. 15 

Length  of  seat  for  base  of  shot • 1.45 

Diameter  of  bore  across  lands 8 

Diameter  of  cylindrical  part  of  chamber 9 

Least  diameter  of  conical  part  of  chamber S.  19 

Diameter  of  seat  for  base  of  shot 8.19 

Width  of  lands 0.20943 

V^^idth  of  grooves 0.41886 

Depth  of  rifling 0.06 

Twist  of  rifling,  one  turn  in 360 

Length  of  breech  block 23.5 

Width  of  breech  block 11 

Thickness  through  center 13.5 

Width  ofslot  for  breech  block 11.05 

Length  of  translating  screw 25.5 

Diameter  of  translating  screw  across  threads 1.506 

Length  of  locking  nut 5.75 

Diameter  of  locking  nut ••• 5.75 

LIm. 

Weight  of  gun 17,029 

Preponderance 308 
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iah7^    ^Jioufing  the  extetmon,  restoration^  and  permanent  set,  per  inch  in  lengfh,  caused  hy  tJie 
^j^^^^rmentioned  weights^  per  square  inch  of  section,  acting  on  a  solid  cylinder  of  FirUCs 
~r,  7  inches  long  and  0.651  inch  diametety  taken  from  breech  block  for  Q-inch  breech" 
Ung  chambered  rifle. 


of  section. 

ion,  per  inch 
length. 

Qccessive     exten- 
sion, per  inch  in 
length. 

ration,  per 
in  length. 

II 

Is. J  ' 

§••5.3 

ermanent  set,  per 
inch  in  length. 

live    perma- 
set,  per  inch 
igth. 

Ixtens 
in 

:esto 
inch 

acoesi 
nent 
in  lei 

->.^__^;^ 

» 

03 

n 

CO 

1    f^ 

09 

"^^ommdt. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

1,000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

2,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

3,000 

.0001 

.0001 

'       .0001 

.0001 

.0000 

.0000 

4,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

5,000 

.oim 

.0002 

.0003 

.0002 

.0000 

.0000 

0,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

7,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

8,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

9,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

10,000 

.0004 

.0001 

.0004 

.0001 

.0000 

.0000 

11,000 

.00C4 

.0000 

.0004 

.0000 

.0000 

.0000 

12,000 

.0004 

.0000 

.0004 

.0000 

.0000 

.0000 

13,000 

.0004 

.0000 

.0004 

.0000 

.0000 

.0000 

14^000 

.0005 

.0001 

.0005 

.0001 

.0000 

.0000 

15.000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

16.  000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

17,000 

.0006 

.  0001 

.0006 

.0001 

.0000 

.0000 

18,000 

.0007 

.0001 

.0007 

.0001 

.0000 

.0000 

19,  000 

.0007 

.0000 

.0007 

.0000 

.0000 

.0000 

20,000 

.0008 

.  0001 

.0008 

.0001 

.  0000 

.0000 

21,000 

.0010 

.0002 

.0006 

—  .0002 

.0004 

.0004 

22,000 

.0014 

.0004 

.0006 

.  OdOO 

.0008 

.0004 

23,000 

.0017 

.0003 

.0006 

.0000 

.0011 

.0003 

24,000 

.0021 

.0004 

.0007 

.0001 

.0014 

.0003 

25, 000 

.0028 

.0007 

.0008 

.0001 

.0020 

.0006 

26.000 

.0033 

.0005 

.0008 

.0000 

.0025 

.0005 

27,000 

.0038 

.0005 

.0007 

—  .0001 

.0031 

.0006 

.  28.000 

.0046 

.0007 

.0010 

.0003 

.0035 

.0004 

29.000 

.0053 

.0008 

.0010 

.0000 

.0043 

.0008 

30.000 

•  .0058 

.0005 

.0010 

.0000 

.0048 

.0005 

31,000 

.0071 

.0613 

.0014 

—  .  0004 

.0057 

.0009 

32,000 

.0078 

.0007 

.0010 

.0004 

.0068 

.0011 

33,000 

.0084 

.0006 

.0013 

.0003 

.0071 

.0003 

34.000 

.0093 

.0009 

.0013 

.0000 

.OOK) 

.0009 

35, 000 

.0103 

.0010 

.0013 

.0000 

.0090 

.0010 

36.000 

.0114 

.0011 

.0013 

.0000 

.0101 

.0011 

37,000 

.0130 

.0016 

.0015 

.0002 

.0115 

.0014 

38,000 

.0153 

.0023 

.0018 

.0003 

.0135 

.0020 

39,000 

.0161 

.0008 

.0016 

—  .  0002 

.0145 

.0010 

40,000 

.0171 

.0010 

.0017 

.0001 

.0154 

.0009 

41,000 

.0180 

.0009 

.0016 

—  .0001 

.0164 

.0010 

42,000 

.0184 

.0004 

.  0009 

—  .0007 

.0175 

.0011 

43.000 

.0208 

.0024 

.0018 

.0009 

.0190 

.0015 

44.000 

.0221 

.0013 

.0018 

.0000 

.0203 

.0013 

45,000 

.0234 

.0013 

.0020 

.0002 

.0214 

.0011 

46,000 

.0250 

.0016 

.0022 

.0002 

.0228 

.0014 

47,000 

.0265 

.0015 

.0020 

—  .0002 

.0245 

.0017 

48,000 

.0281 

.0016 

.0020 

.0000 

.  0261 

.0016 

4»,000 

.0300 

.0019 

.0023 

.0003 

.0277 

.0016 

50,000 

.0321 

.0021 

.0024 

.0001 

.0297 

.0020 

51.000 

.0338 

.0017 

.0023 

—  .0001 

.  0315 

.0018 

62,000 

.0363 

.0025 

.0023 

.0000 

.0340 

.0025 

63,000 

.0387 

.0024 

.0024 

.0001 

.0363 

.0023 

54.000 

.0414 

.0027 

.0026 

.0002 

.0388 

.0025 

55,000 

.0440 

.0026 

.0026 

.0000 

.0414 

.0026 

56,000 

.0467 

.0027 

.0027 

.0001 

.0440 

.0026 

67,000 

.0507 

.C040 

.0029 

.0002 

.0478 

.0038 

58,000 

.0550 

.0043 

.0030 

.0001 

.0520 

.0042 

69,000 

.0677 

.0027 

.0030 

.0000 

.0547 

.0027 

60.000 

.0633 

.0056 

.0029 

—  .0001 

.0604 

.0057 

61,000 

.0701 

.0068 

.0021 

—  .0008 

.0686 

.0076 

62,000 

.0771 

.0070 

.0031 

.0010 

.0740 

.0060 

63,000 

.0854 

.0083 

.0033 

.0002 

.0821 

.0081 

64,000 

.0950 

.0096 

.0035 

.0002 

.0915 

.0094 

65,000 

.1150 

.0200 

.0036 

.0001 

.1114 

.0199 

66,000 

.2143 

.0903 

.0040 

.0364 

.1743 

.0629 
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GENERAL  SUMMARY. 

Specific  gravity 

Tensile  strength,  per  square  inch,  under  gradually  Increasing  strains pounds. .       66, 000 

Elastic  lira  it pounds  - .       21 .  000 

Extension,  per  inch,  at  elastic  limit inch . .       0. 0010 

Extension,  per  inch,  at  rupture inch..       0.2143 

Hardness 

Original  area  of  cross-section square  inch..         0.333 

Area  after  rupture square  inch . .         0. 189 

Position  of  rupture Near  middle. 

Character  of  fracture Granular  and  fibrous. 

Tabh  shounng  the  exteimon,  restoratiofij  and  permanetft  set,  per  inch  in  length,  caused  by  the 
under-mentioned  vc^ghts,  per  square  inch  of  section j  acting  on  a  solid  cylinder  of  Firtb^a 
steely  7  inches  long  and  0.652  inch  diameter ,  taken  from  breech-block  for  8-incii  breech- 
loading  chambered  rifle. 


It! 

per  inch 
gth. 

exten- 
inch  in 

ion,  per 
ength. 

'it 

1. 

perma- 
per  inch 

r 

Extension, 
inlen^ 

Si 
S  «  S 

Restorat: 
inch  in  1 

Successive 
tion,  per 
length. 

Permanent 
inch  in  1< 

hi 

OQ 

Pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

Indies. 

Indies. 

1,000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

2,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

3,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

4,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

6,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

6,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

7,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

8,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

9,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

10,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

11,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

12,000 

.0000 

.0000 

*  .0000 

.0000 

.0000 

.0000 

13,000 

.0000 

.0000 

.0000 

.8000 

.0000 

.0000 

14,  000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

15,000 

.0001 

.0001 

.0001 

.0001 

.0000 

.0000 

16,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0<J00 

17,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

18,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

19,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

20,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

21,000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

22,000 

.0004 

.0003 

.0004 

.0003 

.0000 

.0000 

23,000 

.0004 

.0000 

.0004 

.0000 

.0000 

.0000 

24,000 

.0005 

.0001 

.0005 

.0001 

.0000 

.0000 

25,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

26,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

27,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

28,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

29,000 

.0007 

.0002 

.0007 

.0002 

.0000 

.0000 

30, 000 

.0007 

.0000 

.0007 

.0000 

.0000 

.0000 

81,000 

.0008 

.0001 

.0008 

.0001 

.0000 

.0000 

32,000 

.0011 

.0003 

.0011 

.0003 

.0000 

.0000 

83,000 

.0011 

.0000 

.0011 

.0000 

.0000 

.0000 

34,000 

.0027 

.0016 

.0013 

.0002 

.0014 

.0014 

35,000 

.0044 

.0017 

.0014 

.0001 

.0030 

.0016 

86, 000 

.0054 

.0010 

.0014 

.0000 

.0040 

.0010 

37,000 

.0064 

.0010 

.0019 

.0005 

.0045 

.0005 

88,000 

.0077 

.0013 

.0017 

—  .0002 

.0060 

.0015 

39,000 

.0083 

.0006 

.0016 

—  .0001 

.0067 

.0007 

40,000 

.0090 

.0007 

.0017 

.0001 

.0073 

.0006 

41, 000 

.0101 

.0011 

.0fll8 

.0001 

.0083 

.0010 

42,000 

.0113 

.0012 

.0018 

.0000 

.0095 

.0012 

43,000 

.0120 

.0007 

.0020 

.0002 

.0100 

.0005 

44,000 

.0127 

.0007 

.0020 

.0000 

.0107 

.001)7 

45,000 

.0140 

.0013 

.0023 

.0008 

.0117 

.0010 

46.000 

.0149 

.0009 

.0022 

—  .0001 

.0127 

.0010 

47,000 

.0159 

.0010 

.0019 

~  .0003 

.0140 

.0013 

48,000 

.0170 

.0011 

.0022 

.0003 

.0148 

.0008 

40,000 

.0183 

.0013 

.0025 

.0003 

.0158 

.0010 

50,000 

.0194 

.0011 

.0023 

—  .0002 

.0171 

.0013 

51,000 

.0211 

.0017 

,0026 

.0003 

.0185 

.0014 

52,000 

.0223 

.0012 

.0025 

—  .0001 

.0198 

.0013 

53,000 

.0237 

.0014 

.0026 

.0001 

.0211 

.0013 

54,000 

.0254 

.0017 

.0026 

.0000 

.0228 

.0017 

55,000 

.0270 

.0016 

.0025 

—  .0001 

.0245 

.0017 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


399 


Table  showing  the  extension,  restoration,  and  permanent  set,  ^c. — Continaed. 


1 

1 

g-^ 

i 

is 

^^ 

d  S3 

Is 

S 

^A 

Sm 

is 

H 

0 

2| 

lis 

CO 

2-9 

U 

p-*»f^ 
CO 

i-9 

Weight 
inch) 

H 

1 

CO 

F<mnda. 

Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

Inches, 

50.000 

.0287 

.0017 

.0026 

.0001 

.0261 

.0016 

67,000 

.0305 

.0018 

.0025 

—  .0001 

.0280 

.0019 

58,000 

.0320 

.0015 

.0025 

.0000  - 

.0295 

.0015 

69,000 

.0347 

.0027 

.0029 

.0004 

.0318 

.0023 

60.000 

.0871 

.0024 

.0031 

.0002 

.0340 

.0022 

ei,ooo 

.0891 

.0020 

.0028 

—  .0003 

.0363 

.0028 

62,000 

.0418 

.0027 

.0030 

.0002 

.0388 

.0025 

63,000 

.0444 

.0026 

.0080 

.0000 

.0414 

.0026 

64,000 

.0478 

.0034 

.0031 

.0001 

.0447 

.0038 

66.000 

.0493 

.0015 

.0032 

.0001 

.0461 

.0014 

66,000 

.0647 

.0054 

.0036 

.0004 

.0511 

.0050 

67,000 

.0587 

.0040 

.0034 

—  .0002 

.0553 

.0042 

68,000 

.0627 

.0040 

.0036 

.0002 

.0501 

.0038 

69,000 

.1176 

.0548 

.0047 

.0011 

.1128 

.0537 

70,000 

.1475 

.0300 

.0036 

—  .0012 

.1440 

.0312 

GENERAL  ST7KMABY. 

Speoiflc  gravitv 

TensUe  strength,  per  square  inch,  nnder  gradually  increasing  strains pounds . .       70, 000 

Elastic  limit I>ounds..       84,000 

Extension,  per  inch,  at  elasticlimlt inch..        0.0027 

Extension,  per  inch,  at  rupture inch..       0.1475 

Hardness 

Original  area  of  cross-section square  Inch..      0.33378 

Area  after  rapture square  inch..      0.27618 

Position  of  rupture 8  inches  from  upper  shoulder. 

Character  of  firacture Crystalline. 


Table  showing  the  extension,  restoration,  and  permanent  set,  per  inch  in  length,  caused  by  the 
under-mentioned  weights,  per  square  inch  of  section,  acting  on  a  solid  cylinder  of  Firth^s 
sieelt  7.00  ijiches  long  and  0.652  inch  diameter,  taken  from  breech  block  for  8-tnc^  breech- 
loading  chambered  rifle. 


Is 

1 

exten- 
inch  in 

i. 

Sa 

_A 

^4 

5^ 
■2g 

u 

*g 

^1. 

ii 

It 

p*^ 

00 

2.9 

lla 

1-9 

|s| 

Weight 
inch 

«  a 
P4 

10 

CO 

1 

sSa 

5"- 

Founds, 

Inches. 

Inches. 

Inches. 

Inches. 

InchM. 

Ini^kes. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00001 

.00001 

.00001 

.00001 

.00000 

.00000 

3,000 

.00005 

.00004 

,00005 

.00004 

.00000 

.00000 

4,000 

.00010 

.00005 

.00010 

.00005 

.00000 

.00000 

6,000 

.00011 

.00001 

.00011 

.00001 

.00000 

.00000 

6,000 

.00013 

.00002 

.00013 

.00002 

.00000 

.00000 

7,000 

.00014 

.00001 

.00014 

.00001 

.00000 

.00000 

8,000 

.00014 

.ouooo 

.00014 

.00000 

.00000 

.00000 

9,000 

.00014 

.00000 

.  00014 

.00000 

.00000 

.00000 

10,000 

.00015 

.00001 

.00015 

.00001 

.00000 

.00000 

11,000 

.00018 

.00003 

.00018 

.00003 

.00000 

.00000 

12,000 

.00028 

.00010 

.00028 

.00010 

.00000 

.00000 

13,000 

.00030 

.00002 

.00030 

.00002 

.00000 

.00000 

14,000 

.00031 

.00001 

.00031 

.00001 

.00000 

.00000 

15,000 

.00038 

.00007 

.00038 

.60007 

.00000 

.00000 

16.000 

.00043 

.00005 

.00048 

.00005 

.00000 

.00000 

17,000 

.00044 

.00001 

.00044 

.00001 

.00000 

.00000 

18,000 

.00048 

.00004 

.00048 

.00004 

.00000 

.00000 

19,090 

.00056 

.00008 

.00056 

.00008 

.00000 

.00000 

20,000 

.00068 

.00002 

.00058 

.00002 

.00000 

.00000 

21,000 

.00070 

.00012 

.00070 

.00012 

.00000 

.00000 

22.000 

.00084 

.00014 

.00084 

.00014 

.00000 

.00000 
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Table  showing  the  extennon,  restoration,  and  permanent  sety  ^c— Continned. 


1 

II 

per  inch 
gth. 

oxten- 
inoh  in 

"1 

Si 

restora- 
inch  in 

It 

It 

S  e  fl 
§•3,2 
do 

QQ 

8-3 

OQ 

Pounds. 

Inches. 

Inehss. 

Inches. 

Inches. 

Inches. 

Indies. 

23,000 

.0024 

.00156 

.0010 

.00016 

.0014 

.0014 

24,000 

.0034 

.0010 

.0010 

.0000 

.0024 

.0010 

25,000 

.0045 

.0011 

.0011 

.0001 

.0034 

.0010 

26,000 

.0050 

.0005 

.0005 

.0004 

.0045 

.OOU 

27,000 

.0066 

.0015 

.0011 

.0006 

.0054 

.0009 

28,000 

.0073 

.0008 

.0013 

.0002 

.0060 

.0006 

29,000 

.0083 

.0010 

.0012 

—  .0001 

.0071 

.0011 

30,000 

.0091 

.0008 

.0018 

.0001 

.0078 

.0007 

81,000 

.0101 

.0010 

.0011 

—  .0002 

.0090 

.0012 

32,000 

.0111 

.0010 

.0014 

.0003 

.0097 

.0007 

38,000 

.0121 

.0010 

.0014 

.0000 

.0107 

.0010 

34,000 

.0131 

.0010 

.0016 

.0002 

.0116 

.0008 

35,000 

.0140 

.0009 

.0016 

.0000 

.0124 

.0009 

36,000 

.0149 

.0009 

.0014 

—  .0002 

.0135 

.0011 

37,000 

.0160 

.0011 

.0015 

.0001 

.0145 

.0010 

38,000 

.0174 

.0014 

.0016 

.0002 

.01.58 

.0013 

39,000 

.0190 

.0016 

.0019 

.0003 

.0171 

.0013 

40.000 

.0203 

.0013 

.0019 

.0000 

.0184 

.0013 

41,000 

.0215 

.0012 

.0024 

.0005 

.0191 

.0007 

42, 000 

.0228 

.0013 

.0017 

—  .0007 

.0211 

.0020 

43,000 

.0248 

.0016 

.0019 

.0002 

.0224 

.0013 

44,000 

.0260 

.0017 

.0022 

.0008 

.0238 

.0014 

45.000 

.0274 

.0014 

.0021 

—  .0001 

.0253 

.0015 

46,000 

.0291 

.0017 

.0021 

.0000 

.0270 

.0017 

47,000 

.0304 

.0013 

.0021 

.0000 

.0288 

.0018 

48.000 

.0321 

.0017 

.0020 

—  .0001 

.0301 

.0018 

49,000 

.0344 

.0023 

.0024 

.0004 

.0320 

.0019 

50,000 

.0364 

.0020 

.0024 

.0000 

.0340 

.0020 

51,000 

.0390 

.0026 

.0022 

—  .oooa 

.0368 

.0028 

52,000 

,0417 

.0027 

.0020 

—  .0002 

.0397 

.0029 

53,000 

.0443 

.0026 

.0626 

.0006 

.0417 

.0020 

54. 000 

.0471 

.0028 

.0026 

.0000 

.0445 

.0028 

55.000 

.0504 

.0033 

.0040 

.0014 

.0464 

.0019 

56.000 

.0638 

.0034 

.0028 

—  .0012 

.0570 

.0046 

57,000 

.0578 

.0040 

.0027 

—  .0001 

.0560 

.0041 

68,000 

.0624 

.0046 

.0030 

.0003 

.0594 

,0043 

.59.000 

.0670 

.0046 

.0029 

—  .0001 

.0641 

.0047 

60,000 

.0737 

.0067 

.0036 

.0007 

.0701 

.0060 

61.000 

.0788 

.0051 

.0031 

—  .0005 

.0757 

.0066 

62,000 

.0871 

.0083 

.0034 

.0003 

.0837 

.0080 

63,000 

.0958 

.0087 

.0038 

—  .0001 

.0925 

.0068 

64,000 

.1005 

.  01.^7 

.0035 

.0002 

.1060 

.0185 

65,000 

.1231 

.  0136 

.0036 

.0001 

.1195 

.0135 

66,000 

.1467 

.0236 

.0022 

—  .0014 

.1445 

.0360 

67,000 

.2031 

.0564 

.0028 

.0006 

.2003 

.0568 

GENERAL  SUM&IARY. 

Specific  eravity 7.86B0 

TcnBile  Btrengtn,  per  sqnare  inch ponndB. .       8S,  440 

ElBAtic  limit ponnds..       28,000 

Extenfiion,  per  inch,  at  elaatic  limit inch. .        0. 00S4 

Extension,  per  inch,  at  ruptnre i«ch. .       0. 2081 

HardnefiB 

Orifnnal  area  of  croPB-section square  inch . .       Oi  3338 

A  rea  after  mptnre square  in  ch . .      0. 237S8 

Position  of  rupture ^length  from  upper  shonlder. 

Character  of  fracture Fibroiu  ana  crystalline. 
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Table  showing  the  extentiony  restoratioUf  and  permanent  eet^  iht  inch  in  lengthy  caused  hy  the 
undeivnentianed  weights,  per  aqunre  inch  of  seetionf  acting  on  a  solid  cylinder  of  FiHh^s 
steel  (oil  tempered),  3.00  inches  long  and  0.653  inch  diameter,  taken  radially  from  jacket 
for  8-inch  breech-loading  chambered  rifle. 


2 
2  a 

1 

A  a 

.«4 

2.2 

n 

H 

IB 

!l 

H. 

0  "^ 

aSfl 
OJS 

V  o  a 

1 

H 

oS 

P4 

Xil 

A4 

CG 

PoumU. 

Inchfs. 

Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

1,000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0U00 

2,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

3,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

4,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.  Ot>00 

5,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

6,000 

1    .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

7,000 

.0000 

.0000 
.0000 

.0000 

.0000 

.0000 

.0000 

8,000 

.0000 

.0000 

.0000 

.0000 

.oouo 

9,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OiJOo 

10,000 

.0000 

.0000 

.0000 

.0000 

t     .0000 

.0000 

11,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

12,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

13,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

14,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

15,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

16,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

17,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

18,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

19,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

20,000 

.0000 

.0000 

.0000 

.OOOtf 

.0000 

.0000 

21,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

22.000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

23,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

24,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

25,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

26,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

27.000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

28,000 

.0000 

.0000    1 

.0000 

.0000 

.0000 

.0001) 

29,000 

.0000 

.0000   ! 

.0000 

.0000 

.0000 

.OfKKl 

.30,000 

.0000 

.0000  . 

.0000 

.0000 

.0000 

.0000 

31,000 

.6000 

.0000 

.0000 

.0000 

.0000 

.0000 

32,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.ooo> 

33,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.  0000 

84,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

35,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.  00(X) 

36.000 

.0000 

.0000 

.0000 

.0000 

.0000 

.  OUOO 

37,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

38,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

39,000 

.0003 

.0003 

.0003 

.0003 

.0000 

.0000 

40,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

41,000 

.0003 

.0000 

.0008 

.0000 

.0000 

.0000 

42,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

43.000 

.0006 

.0003 

.0006 

.0003 

.0000 

.0000 

44,000 

.0013 

.0007 

.00013 

.0007 

.0000 

.0000 

45,000 

.0026 

.0013 

.0020 

.0007   1 

.0006 

.0006 

46,000 

.0040 

.0014 

.0014 

—  .  00016 

.0016 

.0010 

47,000 

.0053 

.0013 

.0020 

.0006   1 

.0033 

.0017 

48,000 

.0060 

.0007 

.0024 

.0004    1 

.0086 

.0003 

40,000 

.0066 

.0006 

—  .0023 

.0001   ! 

.0043 

.0007 

50,000 

.0076 

.0010 

.0026 

.0003    1 

.OOiW 

.0007 

51,000 

.0083 

.0007 

.0023 

—  .0008   ' 

.0060 

.0010 

52,000 

.0093 

.0010 

.0027 

.0004 

.0066 

.0006 

53,000 

.0103 

.0010 

.0027 

.0000 

.0076 

.0010 

54,  000 

.0110 

.0007 

.0027 

.0000 

.0083 

.0007 

55,000 

.0116 

.0006 

.0026    ' 

—  .0001 

.0090 

.0007 

56,000 

.0120 

.0004 

.0027 

.0001 

.0093 

.0003 

57,000 

.0126 

.0006 

.0026 

—  .0001 

.0100 

.0007 

58,000 

.0133 

.0007 

.0027 

.0001 

.0106 

.0006 

59,000 

.0143 

.0010 

.0030    ; 

.0003 

.0113 

.0007 

60,000 

.0153 

.0010 

.0030    ' 

.0000    1 

.0123 

.0010 

61.000 

.0166 

.0013 

.0033 

.0003 

.0133 

.0010 

62,000 

.0173 

.0007 

.0033 

.0000   i 

.0140 

.0007 

63,000 

.0183 

.0010 

.0030 

—  .0003 

.0153 

.0013 

64,000 

.0193 

.0010 

.0030 

.0000 

.0163 

.0010 

«b.000 

.0200 

.0007 

.0030 

.0000 

.0170 

.0007 

66,000 

.  0213 

.0013 

.0033 

.0003  y 

.0180 

.OMIO 

67,000 

.0226 

.0618 

.0033 

.0000 

.0193 

.0013 

68,000 

.0240 

.0014 

.0040 

.0007 

.0200 

.0007 

«»,000 

.0253 

.0013 

.0037 

.0003 

.0216 

.0016 

26  ORD 
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GEXERAL  SUMMARY. 

Specific  gravity - 

TtouHile  strength,  per  square  iuch,  under  gradually  increasing  strains pounds. .       92, 000 

!KIah  t  ic  1  im  i  t pou  nds . .       43, 000 

Extension,  per  inch,  at  clastic  limit ,. inch..       0.0026 

Extension,  per  iuch,  at  rupture *. < inch. .       0. 1600 

Hardness 

Original  area  of  oross-scction square  inch..      0.83480 

Area  after  rupture : square  inch . .      0. 23931 

Position  of  rupture Nearmiddb. 

CharActor  of  mtoture Granular  aad  flbrotu. 

lable  showing  the  extenHonj  reatorationj  and  permanent  set^  per  incJi  in  length,  caused  hy  thf 
undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid  cylinder  of  Firtk't 
steel,  .3.00  inches  long  and  0.651  inch  diameterj  taken  from  jacket  for  Q-inck  breocM-loadiiig 
chambered  rifle. 
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GE^RAL  SUMMARY. 

Specific  gravity :—     -Ji^ 

1  ensile  strength,  per  square  inch pounds..     104, 4W 

Elastic  limit.:..:. v...?..... ponnds..       45^ 

Extension,  per  inch,  at  elastic  limit jn^-      JJJJJ 

Extension,  per  inch,  at  rapture "*<^"  -       """ 

Hardness -"IC"     n  ^mm 

Original  area  of  cross-section square  inch  .     0.3» 

An-a  after  rupture *^"*^  ^^^^  vi.,  l^Su 

Position  of  nurture V.i." ' "  V  .«f  IJ?»nS' 

Character  of  fracture Fibrous  and  gnumltr. 

TahJe  ahomng  the  extension,  restoration,  and  permanent  set,  per  inch  in  length,  eavs^hyi^i 
undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid  cylinder  of  nrtln 
steel,  oil-icmpered,  3.00  inches  long  and  0.653  inch  diameter,  taken  from  the  interior  from 
jacket  for  H-inch  breech-loiuling  chambered  rifle. 
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Table  showing  th^  extension,  restoration,  and  permanent  set,  ^c — Continued. 
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90,000 

.0380 

.0020 

.0040 

.0000 

.0340 

.0020 

91,000 

.0403 

.0023 

.0043 

.0003 

.0360 

.0020 

92,000 

.0423 

.0020 

.0047 

.0004 

.0376 

.0016 

93,000 

.0446 

.0023 

.0046 

—  .0001 

.0400 

.0024 

M,000 

.0473 

.0027 

.0047 

.0001 

.0426 

.0026 

05,000 

.0500 

.0027 

.0050 

.0003 

.0450 

.0024 

96,000 

.0526 

.0026 

.0050 

.0000 

.0476 

.0026 

97,000 

.0670 

.0044 

.0050 

.0000 

.0520 

.0044 

98,000 

.0600 

.0036 

.0040 

—  .0004 

.0560 

.0040 

90,000 

.0663 

.0057 

.0050 

.0004 

.0613 

.0043 

100, 000 

.0701 

.9038 

.0035 

—  .  0015 

.0666 

.0053 

101, 000 

.0790 

'..0089 

.0054 

.0019 

.0736 

.0070 

102,000 

.0833 

.0043 

.0023 

—  .0031 

.0810 

.0674 

^  GENERAL  SUMMARY. 

Sp(H;ifio  gravity 

Tensile  ntrcngth,  per  square  inch,  under  gradually  increasing  strains pounds . .      102, 000 

Xlastlo  limit pounds..        61,000 

Extension,  per  inch,  at  elastic  limit inch ....       0. 0030 

Extension,  por  inch,  at  rupture inch 0. 0833 

Hardness 

Original  area  of  cross-section square  inch....      0.33490 

Jirea  after  rupture square  inch 0.29706 

Position  of  rupture Near  lower  shoulder. 

Character  of  fracture Granular  and  slightly  fibrous. 
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^tensiofij  restoration,  and  Pf^J^fiT^^^^  ««^,  per  inch  in  length,  caused  hy  the 
weights,  per  square  inch  oJ»^p^^<^T9,^4^cting  on  a  solid  cylinder  of  F%rth^9 
d),Zm  inches  long  and  0.6M  ♦»o/Si,  ctt^rwicter,  taken  Xronx  the  interior  from 

breech-loading  chambered  r*/*^- 
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in 

^4 

4 

g-g 

a 
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§ 
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«a 
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a 

u  o  a 

e  fl 
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P^ 
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Inches. 

Inehe*. 

mo 

0.0000 

O.0OOO 

mo 

.0000 

.0000 

mo 

.0000 
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)000 

.0000 

.0000 

K)00 
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mo 

.0000 
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.0000 
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.0000 
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>ooo 

.0000 
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KHH) 
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.0000 
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.0000 
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)000 

.0000 
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HJOO 
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.0000 
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.0000 
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.0003 
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.0000 
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.0000 
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.0000 
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.0000 
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)a06 
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me 
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me 
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)006 
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me 
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.0006 

me 

.0000 

.0000 

mo 

.0004 

.0016 

mo 

.0000 

.0016 

mo 

.0000 

.0016 

)013 

.0003 

.0013 

)013 

.0000 

.0019 

)016 

.0003 

.0016 

me 

.0010 

.0010 

)053 

.0027 

.  001.^ 

)073 

.  0020 

.0026 

)083 

.0010 

.0017 

)090 

.0007 

.0017 

noo 

.  0010 

.0026 

)110 

.0010 

.0024 

)116 

.0006 

.0020 

)12G 

.0010 

.0023 

)133 

.0007 

.0026 

)140 

.0007 

.0026 

)150 

.0010 

.0024 

)16a 

.0010 

.0027 

)170 
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.0024 

)183 

.0013 
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)196 

.0013 
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me 

.0020 
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)226 

.0010 

.0020 

)243 

.0017 
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)263 
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)270 
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)296 

..0026 

.0036 

)323 

.0027 

.0036 

)356 

.0033 

.0036 

mo 

.0014 
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.  0033 

>420 
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-  0293 
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Table  showing  the  extension,  restoration,  and  permanent  set,  j^e, — Continued, 


^C.OOO 

Vl.ooo 

'J'2,000 

T3,000 

74,000 

•75,000  • 

7e,000 

77,000 

78,000 

79.000 

80,000 

81,000 

82,000 


iTichet. 
.0403 
.0520 
.0546 
.0586 
.0620 
.0673 
.0743 
.0806 
.0903 
.1000 
.1186 
.1516 
.2583 


Inehet. 
.0043 
.0027 
.0026 
.0040 
.0036 
.0053 
.0070 
.0063 
.0097 
.0097 
.0186 
.9330 
.1067 


Inehet. 
.0043 
.0034 
.0036 
.0040 
.0037 
.0037 
.0040 
.0040 
.0043 
.0037 
.0053 
.0066 
.0083 


.0013 

-  .0009 
.0002 
.0004 

-  .0008 
.0000 
.0003 
.0000 
.0008 

-  .0006 
.0016 
.0013 
.0017 


set,  per 
ength. 

l.a 

P4 

■♦a""* 

§5 

©♦J  .a 
•sl« 

hi 

Pi 

03 

Inches. 

Inches. 

.0450 

.0030 

.0486 

.  0036 

.0510 

.0024 

.0546 

.0036 

.0563 

.0037 

.0636 

.0053 

.0703 

.0067 

.0766 

.0063 

.0860 

.0094 

.0063 

.0103 

.1133 

.0170 

.1450 

.0317 

.2500 

.1050 

GENERAL  SU20iABY. 

^peciflc  gravity ^ ,. 

IX>nsile  strength,  per  square  inch,  under  gradually  increasing  strains pounds . .        82, 000 

plastic  limit pounds..        42,000 

•B!xtension, per  inch,  at  elastic  limit inch..        0.0026 

Extension,  per  inch,  at  rupture inch . .        0. 2583 

Hardness 

Driginal  area  of  cross-section square  incli..      0.33490 

Area  after  rupture square  inch..      0.16723 

Position  of  rupture .1  inch  from  upper  »hon1der. 

Character  of  fracture ^ Fibrous  (silky). 

Table  shoicing  the  extension,  restoration,  and  pernuinent  set,  per  inch  in  length,  caused  by  the 
undermentioned  weights,  per  square  inch  of  section,  acting  o^i  a  solid  cylinder  of  Firth's 
steel,  10.00  inches  long  and  0.0652  inch  diameter,  taken  from  breech  block  for  8-inch  breech- 
loading  chambered  rifle. 


Ig 

O 

.9 

1^ 

u 

g-9 

I.: 

1 

2^1 

H 

i\ 

n 

9i 

H. 

Weight,  p( 
inch  of  a 

lis 

■^  2 
P3 

CQ 

li 

u 

1^1 

i-sl 

S  ®  a 
OQ 

Pounda. 

Inehet. 

Inches. 

Inches. 

Inches. 

Inehee. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00001 

.00001 

.00001 

.00001 

.00000 

.00000 

3,000 

.00002 

.00001 

.00002 

.00001 

.00000 

.00000 

4.000 

.00004 

.00002 

.00004 

.00002 

.00000 

.00000 

5,000 

.00008 

.00004 

.00008 

.00004 

.00000 

.00000 

6,000 

.00010 

.00002 

.00010 

.00002 

.00000 

.00000 

7,000 

.00015 

.00005 

.00015 

.00005 

.00000 

.00000 

8,000 

.00020 

.00005 

.00020 

.00005 

.00000 

.00000 

9,000 

.00023 

.00008 

.00023 

.00003 

.00000 

.00000 

10,000 

.00029 

.00006 

.00029 

.00006 

.00000 

.00000 

11,000 

.00031 

.00002 

.00031 

.00002 

.00000 

".00000 

12,000 

.00033 

.00002 

.00033 

.00002 

.00000 

.00000 

13,000 

.00038 

.00005 

.ooa38 

.00006 

.00000 

.00000 

14,000 

.00041 

.00903 

.00041 

.00003 

.00000 

.00000 

15,000 

.00047 

.00006 

.00047 

.00006 

.00000 

.00000 

16,000 

.00052 

.00005 

.00052 

.00005 

.00000 

.00000 

17,000 

.00057 

.00005 

.00057 

.00005 

.00000 

.00000 

18.000 

.00061 

.00004 

.00061 

.00004 

.00000 

.00000 

19.000 

.00070 

.00009 

.00070 

.00009 

.00000 

.00000 

20,000 

.00110 

.00040 

.00050 

-  .00020 

.00060 

.00060 

21,  000 

.0035 

.0024 

.0007 

.00020 

.0028 

1     .  0022 

22,000 

.0045 

.0010 

.0010 

.0003 

.0035 

.  0007 

23.000 

.  0051 

.0006 

.0009 

-  .0001 

.0042 

'     . U007 

24,000 

.0059 

.0008 

.0009 

1    .0000 

.0050 

1    .0008 
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Tabic  showing  the  extension,  restoration ,  and  permanent  set,  jx, — Contiuaed. 


t 

d 
^ 

g-a 

S5 

a 

Xi^ 

2--5 

onsion,  per 
iu  length. 

^'t 

•at 

•a  ^A 

f  o'tc 
S  0  fl 

Si  5 

♦* 

U*9  9 

t 

^ 

Inches. 

32 

pound*. 

Ineh€«. 

25, 000 

.0071 

.0012 

20.000 

.0080 

.0009 

27, 000 

.0087 

.0007 

28,000 

.0098 

.0011 

29,000 

.0105 

.0007 

80,  000 

.0126 

.0021 

31,000 

.0134 

.0008 

^2,000 

.0144 

.0010 

33.000 

.0157 

.0013 

34,000 

.0167 

.0010 

3.'.,  000 

.0183 

.0016 

3{,  000 

.0190 

.0016 

37,000 

.0210 

.0011 

SH,000 

.  0219 

.0009 

39.000 

.0247 

.0028 

40,000 

.0260 

.0013 

41,000 

.0275 

.0015 

42,000 

.0293 

.0018 

43,000 

.aiis 

.0022- 

44,000 

.0340 

.0025 

45,000 

.0361 

.0021 

46,000 

.0380 

.0019 

47,000 

.0418 

.0038 

48,000 

.0435 

.0017 

49,000 

.0467 

.0032 

50.000 

.0491 

.0024 

51.000 

.0530 

.0039 

52,000 

.0575 

.0045 

5.3,000 

.0610 

.0035 

54,000 

.0671 

.0061 

55,000 

.  0726 

.0054 

50.000 

.0800 

.0075 

67,000 

.0850 
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58,000 

.0935 

.0085 

50,  000 

.1075 

.0140 

60,  000 

.12.50 

.0175 

61, 000 

.1465 

.0215 

62.000 

.2175 

.0710 
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«■  d 

•  a 
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Inehet. 
.0011 
.0010 
.0009 
.0013 
.0009 
.0012 
.0017 
.0015 
.  0012 
.0015 
.0014 
.0014 
.0016 
.OOll 
.0017 
.0018 
.0016 
.0018 
.0018 
-.0020 
.0020 
.0020 
.0021 
.0020 
.  0021 
.0011 
.0024 
.0022 
.0021 
.0026 
.0025 
.0025 
.0033 
.0028 
.0026 
.0033 
.0038 
.0022 


I  erf 


Inches. 
.0002 

-  .0001 

-  .0001 
.0004 

-  .0004 
.0003 
.0005 

-  .0002 

-  .0003 
.0003 

-  .0001 
.0000 
.0002 

-  .0005 
.0006 
.0001 

-•.0002 
.0002 
.0000 
.0002 
.0000 
.0000 
.0061 

-  .0001 
.0001 

-  .0010 
.0013 

-  .0002 

-  .0001 
.0005 

-  .0001 
.0000 
.0008 

-  .0005 

-  .0003 
.0008 
.0005 

-  .0016 


OB  a 

a** 

H 


Inches, 
.0060 
.0070 
.0078 
.0085 
.0096 
.0114 
.0117 
.0129 
.0145 
.  0152 
.0169 
.0185 
.0104 
.0208 
.0230 
.0242 
.0259 
.0275 
.0297 
.0320 
.0341 
.0360 
.0397 
.0415 
.0446 
.0480 
.0506 
.0553 
.0501 
.0646 
.0700 
.0775 
.0817 
.0007 
.1050 
.1217 
.1427 
.2163 


S  2  s 


Indus. 

.0010 
.0010 
.0008 
.0007 
.0011 
.0018 
.0003 
.0012 
.0016 
.0008 
.0017 
.0016 
.0009 
.0014 
.0022 
.0012 
.0017 
.0016 
.0022 
.0023 
.0021 
.0010 
.0037 
.0018 
.0031 
.0034 
.0026 
.0047 
.0038 
.0054 
.0055 
.0075 
.0042 
.0000 

.oia 

.0167 
.0210 
.0726 


GENEEAL  SUMMABY. 


Specific  gravity 

Tensile  strength,  per  squaix)  inch,  under  gradaally  increasing  strains pounds. .        62, 000 

Elastic  limit pounds..       20.000 

Extension,  per  inch,  at  elastic  limit inch..        0.0011 

Extension,  per  inch,  at  rupture inch..        0.2175 

Hardness 

Original  area  of  cross-section • square  inch..        0.3338 

Area  after  rupture square  inch..        0.2697 

Position  of  rupture One-third  of  its  length  from  upper  shoulder. 

Character  of  fracture '. Light  gray  metallic  luster  crystalline. 


APPENDIX  31e. 

CONSTRUCTION  REPOKT  OF  THREE  S,aO-INCH  BREECH-LOADING  CHAM- 
BERED RIFLES. 

(One  plate.) 

DESCRIPTION. 

These  guns  were  converted  from  3-incli  wrought-iron  niuzzle-loading 
rifles  on  the  plan  pursued  in  the  case  of  the  3.18-inch  breech-loading 
rille  described  in  the  report  of  the  Chief  of  Ordnance  for  1880 ;  that  is, 
by  cutting  off  the  breech  near  the  bottom  of  the  bore,  and  screwing  in 
froni  the  rear  a  steel  breech-receiver,  which  forms  the  rear  end  of  the 
bore,  and  contains  and  supports  the  sliding  breech-block. 

Besides  the  increase  of  0.02  inch  in  diameter  of  bore  and  a  slight 
change  in  the  position  of  the  vent,  the  most  important  distinction  be- 
tween the  two  constructions  consists  in  changes  in  certain  details  of  the 
rifling,  the  twist  of  the  latter  being  changed  from  7  to  8  feet,  and  the 
width  of  grooves  in  the  same  increased. 

RIFLING,  CELVMBKRIXG,  AND  VENTING. 

Numbei*  of  grooves 22 

Nntnber  of  lands '. 22 

Width  of  lands inch..  0.125 

Width  of  grooves do...  0.332 

Depth  of  grooves do...  0.05 

Twist  uniform,  one  turn  in feet..  b 

The  chamber  is  8.25  inches  in  length  and  3.78  inches  in  diameter.  The 
rear  of  the  chamber  is  enlarged  to  form  the  seat  for  the  gas-check.  The 
vent  is  in  a  vertical  plane  passing  through  the  axis  and  at  a  disttince  of 
3.63  inches  from  the  bottom  of  the  bore. 

FABRICATION. 

The  guns  selected  were  3-inch  wrought-iron  muzzle-loading  rifles  Nos. 
902, 939,  and  895,  and  the  work  was  performed  at  the  West  Point  foundry. 

The  breech-receivers  and  blocks  were  made  of  Mid  vale  steel,  the  former 
tempered  in  oil. 

Specimens  from  the  receivers,  when  tested,  gave  the  following  results: 
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55,423 
58,182 
85,053 
71,891 


Whore  tested. 


IV.  cf. 

Inch. 

65.95 

0.345 

55.91 

0.355 

5a  66 

0.250 

58.54 

0.240 

Midvalo  Steel  W^orks 

do 

West  Point  Foundry 
do 


Ilemark.s. 


Longittidinal  after  annealing.* 
TransverHe  after  annealing." 
Longitadinal  after  annealing. 
Do. 


L.  *  These  specimens  were  tested  from  ring  previously  detached  firom  ingot  and  then  annealed  with  it. 

409 


410         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

PRINCIPAL  DIMENSIONS. 

Total  length  of  converted  rifle.. .i inches..  72.65 

Length  of  bore do 64.85 

Length  of  rifled  portion  of  bore do....  56.60 

Diameter  of  bore  across  lands do 3.20 

Length  of  cylindrical  part  of  chamber 1 do....     7.25 

Length  ofbevel  of  chamber do 1.00 

Total  length  of  chamber do....     8.25 

Diameter  of  chamber do...-     3.78 

Length  of  breech-receiver  in  rear  of  casing do....     9.50 

Total  length  of  breech-receiver do 25.00 

Diameter  of  breech-receiver  over  threads do 6.20 

Length  of  screw  in  breech-receiver do 7.50 

Pitch  of  thread  of  screw  on  breech-receiver do 1.50 

I^ength  of  breech-block do 11.13 

Width  of  breech-block do..--     4.75 

Number  of  lands 22 

Number  of  grooves 22 

Width  of  grooves inches..  0.332 

Width  of  lands do....  L125 

Depth  of  grooves do 0.06 

Pitch  of  rifling  (nniform),  one  turn  in feet..  8 

Axis  of  vent  from  bottom  of  bore inches..  3.63 

No.  2.  No.  3.  No.  4. 

Weight  of  breech-block pounds..  124  120  125 

Weight  of  gun  complete , do....  826  825  826 

Preponderance do 43  43  43 
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APPENDIX  31d. 

CONSTRUCTION  OF  FIELD-CARRIAGE  FOR  3.aO-INCH  BREECH-LOADINO 
RIFLE,  WITH  DESCRIPTION  OF  THE  ENGELHARDT  CARRIAGE. 

(Three  plates.) 

West  Point  Foundry, 
Cold  Springs^  N.  Y.,  January  31,  1881. 

Colonel:  I  have  the  honor  to  transmit  inspection  and  constrnction 
reports  of  field  carriage  for  3.20-inch  breech-loading  rifle,  constructed  at 
this  foundry  in  compliance  with  your  orders  of  August  2, 1880.  I  also 
inclose  a  translation  from  the  Eevue  d'Artillerie,  August,  1877,  of  the 
preliminary  discussion  to  an  article  on  the  Engelhardt  carriage;  the 
detailed  description  of  which  I  have  already  translated  and  forwarded 
to  your  office. 

To  the  inclosed  translation  I  have  added  sufficient  numerical  data  to 
permit  a  comparison  of  the  carriage  just  constructed  with  those  cited 
by  Colonel  Engelhardt,  and  on  the  plan  he  has  selected. 

The  flanging  of  the  cheeks  of  the  carri<age,  which  was  undertaken  by 
the  founders  without  hesitation,  proves  to  have  been  a  matter  of  more 
difficulty  than  they  anticipated.  Kot  only  did  the  operation  prove  ex- 
ceedingly laborious,  but  cannot  be  considered  entirely  successful. 

I  am  now  preparing  drawings  and  descriptions  of  the  plant,  which  I 
think  is  needed  to  insure  rapid  and  accurate  work  in  flanging  the  cheeks 
of  future  constructions,  together  with  an  estimate  of  its  cost.  I  submit, 
however,  with  this  report  a  design  of  the  West  Point  foundry,  by  which 
both  flanging  and  the  use  of  angle  iron  are  practically  dispensed  with. 

The  principal  difficulty  in  the  construction  of  both  carriages  made  at 
the  foundry  has  been  found  in  shaping  the  trunnion  and  axle-beds;  and 
the  advantage  claimed  by  the  design  stibmitted  is,  that  by  using  bronze, 
and  casting  in  a  single  piec^  the  reinforcing  cheeks,  the  front  and  rear 
transoms,  and  the  two  plates  which  form  the  trunnion  and  axle-beds, 
this  difficulty  will  be  removed. 

I  am,  colonel,  very  respectfully,  your  obedient  servant, 

0.  W.  WHIPPLE, 
Lieutenant  of  Ordnance^  In^i^ector. 

Col.  S.  Crispin,  U.  S.  A., 

Constructor  of  Ordnance. 


CONSTRUCTION  REPORT  OF  FIELD-CARRIAGE  FOR  3.20-INCn  BREECH 

LOADING  RIFLE. 

This  carriage  diflers  from  the  one  made  at  this  foundry  under  an  order 
from  the  Constructor  of  Ordnance  dated  December  18,  1879,  in  three 
particulars,  namely :  The  axle  and  lunette  plate  are  made  of  low  steel 
instead  of  wrought  iron ;  angle  iron  is  not  used  for  stiffening  the  cheeks, 
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wliicli  are  flanged  iu  order  to  accomplish  the  same  object;  and  certain 
dimensions  are  increased  to  secnre  greater  strength. 

The  cheeks  are  made  of  steel  plates  t^«  inch  thick.    They  were  ob- 
tained from  the  Nashua  Steel  Works,  in  the  following  shape : 


Three  cast-iron  forms  were  then  made,  one  for  shaping  the  axle  bed, 
one  for  the  trunnion  bed,  and  the  third  for  shaping  the  upi)er  curved  out- 
line of  the  cheeks.  The  flanging  was  accomplished  by  heating  short  por- 
tions of  the  edge  of  the  plate,  in  lengths,  say,  of  about  12  inches,  which 
were  then  hammered  over  the  forms,  first  with  a  heavy  wooden  mallet, 
and  then,  after  reheating,  with  sledges,  in  order  to  sharpen  the  edges. 
The  steel  stood  this  very  trying  treatment  fairly  well.  It  drew  out  very 
thin,  however,  at  the  bed  for  the  axle  and  trunnions,  and  in  one  place, 
along  the  under  rectilinear  edge,  where  the  strain  was  presumably  least, 
fractured  completely  across  the  flange,  necessitating  a  small  patch,  which 
was  riveted  to  the  flange. 

It  being  desired  that  the  pressure  on  the  trail  should  not  exceed  175 
pounds,  after  the  cheeks  hacl  been  flanged,  except  that  portion  of  each  in 
the  vicinity  of  the  axle  bed,  they  were  temporarily  assembled  and  the 
gun  mounted.  This  gun  was  the  unaltered  3-inch  muzzle-loading  rifle 
sent  here  for  conversion  into  a  3.20-inch  breech-loading  rifle.  Conse- 
quently, to  represent  the  increase  of  weight  and  preponderance  of  the 
converted  gun  and  the  weight  of  the  different  parts  of  the  carriage  not 
then  attached,  a  weight  was  suspended  from  the  carriage  at  the  seat  for 
the  elevating  screw.  The  carriage  was  then  suspend^,  the  trail  rest- 
ing on  the  platform  of  the  scales,  and  the  axle  moved  until  the  weight 
indicated  was  175  pounds.  This  required  the  axis  of  the  axle  to  be 
placed  1.1  inches  in  rear  of  the  axis  of  the  trunnions,  and  instructions 
were  then  given  to  complete  the  flanging  with  this  object  in  view. 

Through  an  error  in  the  boiler  shop,  this  flanging  was  so  performed 
that  the  axis  of  the  axle  would  fall  considerably  below  the  lower  edge 
of  the  cheeks,  and  in  correcting  this  the  distance  between  the  two  axes 
was  reduced  to  0.86  inch.  Asa  consequence,  after  the  completion  of  the 
carriage,  the  pressure  was  found  to  be  about  20  pounds  in  excess  of 
what  was  prescribed. 

The  same  alterations  reduced  the  distance  between  the  axes  of  the 
tninnions  and  axle  from  12.7  to  12.035  inches. 

The  different  parts  are  as  follows : 

The  axle,  made  of  Mid  vale  steel,  and  the  trail  or  lunette  plate  of  st^, 
cast  to  shape  by  the  Chester  Steel  Castings  Company,  both  being  of 
the  best,  though  low,  steel. 

The  cheeks,  which  form  the  body  of  the  carriage,  reinforced  toward 
the  head  of  the  carriage  by  wrought-iron  plates  ^^  inch  thick,  fastened 
to  the  inside  of  the  cheeks  by  six  rivets  countersunk  on  the  outside. 
These  cheeks  are  assembled  by  means  of  a  wrought-iron  transom  |  inch 
thick  attached  by  three  rivets  to  either  cheeky  normal  to  the  lower  edge; 
by  a  small  front  curved  transom  of  -i%-inch  iron  fastened  by  two  rivets 
to  the  flange  of  each  cheek  directly  in  front  of  the  axle:  by  two  1-inch 
assembling  bolts  in  rear  of  the  elevating  screw  box,  ana  by  the  lunette 
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plate,  which  is  attached  to  the  flange  of  each  cheek  plate  by  two  upper 
and  thr^e  lower  rivets  f  inch  diameter,  with  their  outer  heads  counter- 
sunk. ' 

The  trunnion  bed  ])lates,  which,  unlike  those  of  the  precedin<>*  car- 
riage, are  distinct  from  the  axle  platCvS,  are  2  inches  wide.  Each  is 
fastened  to  the  flange  beneath  at  the  trunnion  bed  by  three  rivets  with 
countersunk  heads. 

The  axle  bed  plates:  These  are  3  inches  wide,  and  extend  beyond  the 
cheeks  0.9  inch  on  the  exterior  and  0.1  inch  on  the  interior.  Each  is  fast- 
ened to  the  under  flange  by  two  rivets  witliin  the  axle  bed,  and  by  the  bolts 
which  secure  the  axle  strap.  These  straps  are  of  the  same  width  as  the 
plates,  and  both  are  tapered  from  their  outer  faces  to  the  cheeks. 

Two  axle  braces,  embracing  the  axle  just  in  rear  of  the  shoulder  of 
the  axle  arm  and  attached  by  pins  to  brass  seats  fastened  to  the  cheeks 
of  the  trail  by  four  bolt«.  The  braces  are  made  of  wrought  iron,  2"  by 
1"  cross-section.  The  arms  of  the  seats  are  0.5  inch  thick,  the  pins  1.1 
inch  diameter. 

The  wheels,  of  oak,  with  steel  tire  and  brass  nave. 

Nnmber  of  spokes - 1^ 

Diameter  of  flange  of  nave inches..  10.5- 

Length  of  inner  l)Ox do..  10 

Diameter  of  inner  box do..  4.  Ji 

Diameter  of  outer  box do..  5.5 

The  spokes  are  fastened  to  the  nave  by  §-inch  bolts,  with  round  head 
and  the  nut  on  the  inside.  « 

The  brake,  which  is  a  wooden  bar  2.5  inches  square,  carrying  at  each 
end  an  iron  shoe,  swinging  on  an  iron  shank,  which  is  pinned  to  the  bar. 
The  bar  is  connected  by  a  system  of  rods  and  braees  to  the  axle  by 
means  of  a  shaft  working  in  a  seat  bolted  on  the  under  side  and  to 
the  middle  of  the  axle,  the  lower  end  of  the  shaft  having  a  screw  on  it 
with  a  ^-inch  pitch,  which  works  in  a  socket  at  the  upper  end  of  the 
rods  and  braces.  By  means  of  a  handle  on  the  outer  end  of  the  shaft 
the  brake  can  be  moved  to  or  from  the  axle,  and  the  shoes  tightened  to 
or  released  from  the  wheel  tires. 

The  elevating  apparatus,  consisting  of  a  double  screw  hinged  by 
braces  to  the  forward  part  of  the  cheeks,  and  working  in  a  brass  box 
pivoted  to  the  inside  of  the  cheeks. 

The  trail  chest,  with  lid  formed  of  iron  plate,  i  inch  thick. 

The  trail  handspike,  with  its  attachment  to  the  lunette-plate,  which 
was  made  stronger  in  all  its  parts  than  in  the  preceding  carriage,  and 
the  catch  of  tempered  steel  to  secure  it  over  the  lid  of  the  trail  chest 
when  not  in  use. 

The  cap-squares  and  keys,  linchpins  and  washers,  rammer-head  stop. 

In  the  first  carriage  made  this  stop  was  made  of  a  piece  of  angle  iron, 
and  fractured  along  the  edge  almost  at  the  flrst  Are,  although  the  ram- 
mer was  not  in  place,  and  consequently  it  supported  no  strain  but  that  due 
to  the  shock  and  vibrations.  The  stop  is  now  made  of  an  iron  plate  in 
which  the  ftber  runs  in  the  direction  of  the  trail  instead  ofacross.it. 

PRINCIPAL  DIMENSIONS  AND  WKKHITS. 

Distance  between  the  inside  of  the  tnmnion  plates inches . .  J».  (> 

Diameter  of  trnnniou  holes do 3.7 

Distance  from  axis  of  trunnions  to  axis  of  axle do 12.7 

Horizontal  distance  between  axis  of  trunnions  and  axis  of  axle  gun 

unlimbered inches..  1.1 

Height  of  axis  of  trunnions  above  the  ground do ... .  41.2 
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Distance  between  the  points  of  contact  of  the  trail  and  wheels  with 

the  ground  lino ...inches..     7*2,0 

Distance  from  front  of  wheels  to  end  of  trail,  the  piece  unlimbered..do....  114. 0 

Thickness  of  steel  cheek  plates do....      0.3125 

Length  of  axle ^ do 43.5 

Diameter  of  axle do 3.5 

Width  of  braces do....      2.0 

Thickness  of  braces do 1.0 

Wheels : 

Height  of do....     57.0 

Track  of do 60.0 

Dish  of do.-..       1.375 

Diameter  of  brass  nave do....     10.5 

Number  of  spokes 12 

Number  of  fellies 7 

Weights: 

Carriage  without  wheels  or  implements pounds . .  715 

One  wheel dov...  180 

Carriage  complete  without  implements do....         1,075 


NEW  IRON  FIELD  CARRIAGE  FOR  LQ^Na-RANGE  GUNS. 

To-day  every  European  power  regards  as  a  necessity  the  adoption  of 
long-range  guns,  fired  with  heavy  charges.  The  construction  of  the 
guns  does  not  involve  any  great  difficulties :  the  entire  question  consists 
in  the  choice  of  the  material  employed,  and  has  been  solved  in  different 
ways  in  different  countries. 

In  England  field  guns  are  made  of  iron,  the  bore  being  reinforced  by 
a  steel  tube.  Prussia  makes  hers  of  steel;  Sweden,  of  cast  iron.  In 
France,  Switzerland,  Italy,  Austria,  and  Bussia,  field  guns  are  made  of 
bronze,  and  in  the  last  four  cases  cast  in  iron  molds;  besides,  of  late, 
in  Austria  and  Eussla  the  resistance  of  the  bore  is  increased  by  the 
compression  of  the  walls. 

The  guns  themselves  have  not,  in  their  different  countries,  met  with 
serious  complaint,  but  it  is  not  entirely' the  same  with  the  carriages  used 
by  most  of  the  nations  of  Europe;  everywhere  it  is  found  that  their 
recoil  is  excessive,  in  spite  of  their  already  very  considerable  weight. 

The  design  and  construction  of  field  carriages  for  long-range  guns 
involves  very  great  difficulties,  because  they  must  satisfy  at  the  same 
time  two  essentially  contradictory  conditions. 

In  the  first  place,  the  carriage  ought  to  be  capable  of  offering  resist- 
ance to  the  recoil ;  in  the  second  x)lace^  it  ought  to  be  light  and  give  a 
moderate  recoil ;  but  the  action  of  the  gun  upon  its  carriage  is  trans- 
ferred by  a  shock,  and  it  has  been  proved  that  the  resistance  of  a  body 
to  a  shock  is  proportional  to  its  section;  so  that  to  satisfy  the  first  con- 
dition it  is  necessary  to  make  the  carriage  heavy,  in  opposition  to  the 
requirements  of  the  second  condition;  the  effect  of  fire  upon  the  car- 
riage, moreover,  being  the  more  destructive  the  heavier  the  carriage. 
Heavy  guns  are  less  severe  on  carriages  than  light  ones,  provided  they 
fire  projectiles  of  the  same  weight,  under  the  same  conditions;  besides, 
in  consequence  of  the  adoption  of  long-range  guns,  they  have  been  led, 
in  order  to  insure  the  safety  of  the  carriage,  to  give  to  guns  more 
weight  than  the  tenacity  of  the  metal  employed  in  their  construction 
requires.  Moreover,  to  secure  for  the  carriage  sufficient  resisting  power, 
they  have  given  to  their  difierent  parts  excessive  dimensions ;  tiie  total 
weight  has,  in  consequence,  been  so  increased  that,  for  long-range  guns, 
the  gun  and  its  carriage  together  show  a  very  considerable  weight,  of 
which  fact  one  will  be  convinced  by  consulting  the  following  table: 
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Metal  used  in 
carriage. 


Enjsland  — 
Ynncvt 

Do.... 

Do.... 

Pmmia* 

Aastria..... 

Sweden 

Switzerland 

Italy 

Russia 

Do.... 


Iron 

....do 

...do 

...do 

Steel 

Iron  and  steel. 

Iron 

....do 

....do 

..,.do 


.do 


Weight. 

* 

V3 

• 

be 

2l 

o 

<B  ei 

• 

1 

9| 

fii 

O 

O 

CjS 

Pounds. 

Pounds. 

Pounds, 

Pounds, 

16.4 

1, 300. 7 

1,344.8 

2, 645. 5 

23.8 

1, 543. 0 

1, 440. 0 

2,983.0 

15.4 

1,344.8 

1,543.0 

2,887.8 

11.0 

1, 014. 1 

1, 146. 4 

2,160.5 

15.4 

M2.1 

1, 190. 5 

2,182.6 

13.9 

1, 080. 25 

1,190.5 

2, 270. 75 

&6 

826.7 

1, 047. 2 

1, 873. 9 

12.1 

950.0 

1, 036. 2 

1,995.2 

8.8 

672. 4 

904.0 

1, 576. 4 

24.25 

1, 371.  26 

1. 080.  25 

2, 451. 50 

12.6 

723.11 

1, 080. 25 

1,  803. 26 

0 


Feet 

1. 409. 1 
1, 453. 0 
1,279.2 
1, 369. 4 
1,458.0 
1, 476.  0 

1. 279. 2 
1, 197. 2 
1, 318. 6 
1, 198. 8 
1, 399. 0 


*  Ttie  old  Prussian  6*puunder  carriage  weighs  11,020  pounds. 

It  appears  from  this  table  that,  except  in  Eussia,  the  weights  of  car- 
riages designed  to  be  subjected  to  firing  with  heavy  charges,  with  ini- 
tial velocities  greater  than  1,2*16  feet,  and  projectiles  weighing  more  than 
8.8  pounds,  vary  between  1,146  and  1,543  pounds,  while  the  weights  of 
the  gun  and  carriage  combined  vary  between  2,160  and  2,982  pounds. 
These  weights  are  considerable,  in  view  of  the  extreme  mobility  re- 
quired of  field  artillery  in  actual  service. 

So  far,  no  generally  admitted  process  has  been  devised  for  measuring 
with  accura<5y  the  destructive  eliects  produced  by  the  gun,  under  fire, 
upon  its  carriage;  but  mechanics  teaches  us  that  in  the  shock  a  part  of 
the  living  foi'ce  of  the  body  producing  it  is  expended  in  displacing  the 
molecules  of  both  bodies. 

The  action  of  the  gun  upon  its  carriage  being  transmitted,  as  before 
stated,  by  a  shock,  one  part  of  the  living  force  of  the  gun  must  be  found 
absorbed  by  the  displacement  of  the  molecules  of  the  trunnions  and  of 
the  carriage,  and  if  we  can  measure  this  loss  of  living  force  we  will 
have  an  approximate  idea  of  the  action  of  the  gun  upon  its  carriage. 
Suppose  then — 

m  =the  mass  of  the  projectile. 

B  =  the  mass  of  the  charge. 

V    =  the  initial  velocity  of  the  projectile. 

m'  =  the  mass  of  the  gun. 

m^'=  the  mass  of  the  carriage. 

v'  =  the  velocity  of  recoil  of  the  gun  at  the  first  instant. 

1?''  =  the  actual  velocity  of  recoil  of  the  gun  and  carriage. 
We  have,  between  the  quantities  of  motion,  the  relation 


which  gives 


m' 


m'  v'~* 


The  living  force  -  -  ^  ~  of  the  gun  can  then  be  expressed  * 

B 


2  \    w'    /        .""  m' 
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The  quantity  of  motion  of  the  gun  and  carriage  is  represented  by 
from  which 


Also,  for  the  linng  force  of  the  gan  and  carriage 

The  difference  between  the  living  force  of  the  gun  at  the  moment  of 
the  shock  and  that  of  the  gun  and  carriage  together  immediately  after, 
expresses  the  quantity  of  living  force  absorbed  in  the  displacement  of 
the  moieculea  of  the  trunnions  and  the  carriage.    This  difference  is : 

^(«»  +  f)V      l(m  + 1 )  V.  _  J  ^  ^ 

w'  '  m' +  wi"        ""2^27       V^w       *^i'  +  wi'V 

_  1  /-      ,  BV    8         m'f        _ 


m* 


and  placing  — ^^=/t,  it  becomes 


_i(»+|)V 


A=  -:' 


(/t4-l)m' 


This  last  formula  shows  us  that  for  the  same  initial  velocity  the  differ- 
ence A  varies  inversely  as  "/t,"  that  is  to  say,  that  the  greater  the  ratio 
of  the  weight  of  the  gun  to  the  weight  of  the  carriage  the  less  the  car- 
riage suffers. 

We  might,  as  an  application,  form  a  table  showing  the  values  of  A 
for  most  of  the  service  field  carriages,  by  means  of  the  numerical  data 
before  given,  and  we  would  find  then  that  the  Prussian  field  carriage  for 
the  3.54-inch  gun  is  the  one  most  strained.  In  this  case  the  relation  of 
the  mass  of  ^fie  gun  to  that  of  the  carriage  is  entirely  to  the  disadvan- 
tage of  the  latter,  and  nevertheless  it  stands  fire  satisfactorily,  though 
relatively  much  lighter  than  the  other  carriages.  Its  strength  is  due  to 
the  substitution  of  steel  for  iron,  the  elastic  limit  of  the  first  being  much 
higher  than  that  of  the  second.  But  steel,  in  spite  of  valuable  quali- 
ties, is  Somewhat  unreliable,  and  its  application  for  gun  carriage  con- 
structions has  not  yet  been  sufficiently  investigated  to  enable  us  to 
certify  to  its  suitability. 

It  is  a  fat5t,  however,  that  in  Prussia  the  trail  has  been  broken  many 
times;  and  in  Austria  one  of  four  carriages  furnished  by  Krupp  has  had 
its  cheek  plate  broken. 

It  must  be  observed  that  the  Prussian  3.5l:-inch  guA  upon  its  carriage- 
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weighs  2,1^  pounds,  or  441  poands  more  than  the  ordinary  Eussian  9 
pounder  on  its  carriage. 

It  is  seen,  therefore,  that  the  study  of  the  mode  of  construction  of 
existing  carriages  famishes  us  no  facts  sufficient  to  establish  a  system 
at  once  light  and  suitable  for  guns  of  long  range,  irrespective  of  the 
weights  of  the  parts  5  so  that  to  resolve  tMs  problem  we  are  forced  to 
the  study  of  an  entirely  new  system  of  construction,  the  essential  prin- 
ciples of  which  we  must  ascertain.  A  detailed  description  must  there- 
fore be  given. 

In  designing  a  carriage,  it  is  necessary  above  all  things  to  make  a 
comparative  study  of  the  different  parts  of  existing  carriages;  and  to 
facilitate  this  work  the  principal  dimensions  of  Eussian  and  foreign  car- 
riages are  united  in  Table  C,  at  the  end  of  this  article.  This  table  shows 
that  all  recent  carriages  are  sensibly  shorter  than  our  own. 

Since  it  is  possible  to  construct  a  new  carriage  shorter  than  existing 
carriages,  this  fact  can  be  utilized  in  seeking  to  diminish  the  weight. 

We  then  find  we  can  further  reduce  weight  by  replacing  the  angle 
iron,  by  a  ilange  formed  on  the  cheek  plate  itself,  an  aiTangement  which, 
besides,  secures  stiffness  in  the  cheeks  more  thoroughly  than  the  angle 
iron. 

The  cheeks  cannot  be  made  of  any  but  a  good  quality  of  metal,  for 
none  other  will  stand  the  operation  of  flanging;  and  the  construction  is 
spared  the  accidental  flying  off'  of  bolts,  which  may  be  at  any  time  ex- 
pected where  angle  iron  is  used. 

The  greatest  difficulty  is  found  in  procuring  the  flanged  cheeks.  In 
Prussia  all  the  carriages  are  constructed  in  the  national  foundries,  while 
the  cheeks  are  furnished  by  Krupp's  works,  which  keep  a  secret  the 
process  by  which  they  flange  the  steel  plates.  In  Austria  they  have 
been  obliged  to  give  up  the  use  of  flanged  cheeks  in  consequence  of  the 
difficulty  of  making  them. 

In  Eussia  the  solution  of  this  question  also  presented  great  difficul- 
ties, but  thanks  to  the  co-operation  of  the  Solonbiett'  Foundry,  we  have 
succeeded  in  preparing  the  die  and  in  determining  the  character  of  iron 
which  will  stand  the  treatment. 

To-day  the  question  of  flanging  iron  cheeks  may  be 'considered  as 
definitely  settled  in  Eussia. 

Equal  attention  must  be  paid  to  the  subject  of  securely  assembling 
the  cheeks. 

In  Eussian  carriages  already  constructed,  this  assembling  is  accom- 
plished by  means  of  bolts. 

This  mode  of  assembling  has  the  advantage  of  allowing  the  carriage 
to  be  quickly  dismounted,  but  presents  also,  for  this  very  reason,  a 
great  inconvenience;  on  the  march  the  nuts  are  loosened  from  the  shocks 
to  the  carriage  to  such  an  extent  that  the  two  cheeks  are  no  longer 
firmly  united,  an  impossible  mishap  were  transoms  used  instead. 

Kow,  in  the  new  carriage  not  only  are  the  cheeks  assembled  by  bolts, 
hut  also  by  transoms,  the  latter  being  attached  obliquely  with  reference 
to  the  edges  of  the  cheeks  instead  of  being  normal  to  them,  as  in  car- 
riages of  other  powers.  This  arrangement  is  even  more  effective  in 
uniting  the  cheeks,  the  obliquity  of  the  transoms  offering  opposition  to  all 
lateral  bending  of  the  carriage. 

In  order  to  avoid  excessive  weight  in  the  new  carriage,  the  cheeks  are 
made  to  converge  to  such  extent  as  to  aUow  the  ordinary  trail  transom 
to  be  replaced  by  a  narrow  trail  plate,  which  embraces  the  cheeks  above 
and  below,  and  unites  them  in  the  most  thorough  way. 

This  arrangement  serves  to  distribute  strains  between  the  two  cheeks, 
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and  prevents  the  possibility  of  one  cheek  being  exposed  to  a  shock  of 
any  kind  unaided. 

These  improvements  increase  the  stiffiiess  of  the  carriage,  but  do  not 
by  any  means  modify,  so  to  speak,  the  effects  of  the  gun  apou  it. 

These  effects  can  be  expressed,  as  previously  shown,  by  the  formula, 

{h  +  1)  m' 

and  depend  upon  the  value  of  h ;  that  is  to  say,  upon  the  relation  be- 
tween the  weight  or  mass  of  the  gun  and  the  weight  or  mass*  of  the 
carriage. 

Consequently  to  effect  a  sensible  diminution  in  the  destructive  effeetB 
of  the  gun  upon  its  carriage,  it  will  be  necessary  to  sensibly  reduce  tike 
weight  of  the  latter;  but  a«  the  carriage  is  also  for  purposes  of  trans- 
portation, requiring  therefore  the  use  of  wheels  and  seats,  the  weights 
of  which  cannot  be  reduced,  it  is  impossible  to  materially  lighten  the 
carriage. 

The  destructive  effect  of  the  gun  can,  however,  be  reduced,  by  divid- 
ing the  carriage  into  two  parts ;  one  the  carriage  body,  and  the  other 
the  axle  with  the  wheels  and  seats. 

This  division  is  obtained  afi  follows: 

The  axle,  instead  of  being  permanently  bound  to  the  cheeks,  is  al- 
lowed to  slide  backward  and  forward  in  stirrups;  at  the  end  of  the  axle 
arm  it  is  held  by  two  braces  united  together  at  the  other  end  by  a  square 
cross-bar.  This  cross-bar,  as  well  as  the  axle,  is  allowed  to  slide  either 
way  in  slots  cut  for  it  in  the  cheeks. 

The  cross-bar,  braces,  and  axle  consequently  constitute  a  ehamsy 
upon  which  are  arranged  the  seats,  and  which,  supported  by  wheels, 
form  the  "truck"  of  the  carriage.  This  "  truck"  is  united  to  the  cheeks 
by  means  of  two  bolts  attached  by  looped  heads  to  the  square  traverse 
bar.  These  bolts  pass  through  both  the  middle  transom  {c  e)  and  the 
iron  plate  in  rear  of  it,  between  which  are  placed  a  number  of  sheets  of 
cork.  In  the  latest  carriages  the  cork  is  replaced  by  rubber,  which  is 
the  more  durable.  On  the  ends  of  the  bolts  are  nuts,  by  the  tightening 
of  which  the  cork  is  compressed,  and  the  traverse  bar,  and  conse- 
quently the  axle,  drawn  toward  the  transom.  The  axle  recoils  until  it 
reaches  the  rear  bearing  of  its  stirrups. 

The  plates  of  cork  form  an  elastic  cushion,  the  depth  of  which  is  reduced 
by  tightening  the  nuts  on  the  bolts,  from  7  inches  to  3.5  inches.  It  is 
then  under  a  pressure  of  about  10,800  pounds,  as  can  be  seen  by  an 
examination  of  the  following  table  of  the  thickness  of  a  cushion,  with 
a  cross-section  of  43.76  square  inches. 


PreBsure. 

Thlokness. 

Con^reMion. 

P&und8. 

Inehe$. 

7.00 
4.33 

Jnehst. 

2,021 

2.67 

8,681 

3.78 

8.22 

11, 375 

8.35 

3.65 

14,440 

3.15 

8.85 

18,275 

2.66 

4.34 

22,387 

2.44 

4.56 

80,335 

2.00 

4.01 

87,270 

1.04 

5.06 

45,106 

1.88 

5.12 

52,833 

1.81 

5.10 

66,810 

1.76 

5.25 

182, 511 

1.61 

6.38 
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The  weight  of  the  first  of  the  two  parts  into  which  the  carriage  may 
be  said  to  be  divided  is  reduced  to  430  pounds.  This  part  first  receives 
the  shock  of  the  guh  at  the  discharge;  then,  when  its  inertia  is  overcome, 
the  motion  is  transmitted  to  the  second  part  through  the  intervention 
of  the  cushion,  which,  under  the  fire  of  the  9-pounder  gun  with  an  initial 
velocity  of  1,200  feet,  is  at  once  compressed  1.5  inches. 

Table  B  at  the  end  of  the  article,  in  which  are  given  the  living  force 
absorbed  by  the  old  and  modern  carriage,  shows  that  with  the  ordinary 
9-pounder,  the  living  force  absorbed  is  only  1,757  foot-pounds  for  the 
upper  part  of  the  carriage,  while  it  was  3,789  footpounds  in  carriages 
of  the  old  construction. 

In  firing  the  long  range  9-pounder  gun  with  an  initial  velocity  of  1,200 
feet,  the  new  carriage  only  absorbs  3,579  foot-pounds,  as  shown  in  the 
table,  an  examination  of  which  shows  that  generally  the  new  carriage 
suffers  less  under  fire  than  that  of  the  old  pattern. 

To  determine,  then,  the  amount  of  work  performed  in  the  compres- 
sion of  the  cusnion,  let  us  bear  in  mind  that  before  the  dis(^harge  it 
jsupports  an  initial  pressure  of  10,800  pounds,  as  before  stated;  at  the 
discharge  it  is  stiU  more  compressed  to  the  extent  of  1.5  inches;  that  is 
to  say,  its  thickness  is  reduced  from  3.5  inches  to  2.0  inches,  and  the 
preceding  table  shows  that  this  height  corresponds  approximately  to  a 
pressure  of  30,864  pounds,  which  represents  the  maximum  strain  trans- 
mitted by  the  bolts  at  the  discharge. 

The  work  performed  by  the  resistance  to  this  compression  is  then 

-h  ouo  ^  ^  ^^^25  feet  =  2604.0  foot-pounds. 

Table  B  shows  that  the  carriage  without  the  bufl^er  absorbs  6,015  foot- 
pounds, while  the  carriage  with  the  buffer  absorbs  only  3,579  foot-pounds, 
or  a  di^erence  of  2,436  foot-i)Ounds,  which  is  practically  equal  to  the 
work  performed  by  the  bufier.  Did  this  latter  not  exist,  the  braces  and 
cheeks  must  absorb  just  this  amount  of  work ;  but^  thanks  to  its  com- 
pression, it  is  decidedly  diminished;  without  this  compression  the  dif- 
ferent parts  would  be  subjected  to  strains  much  too  considerable,  so 
much  the  more  as  the  cheeks  resist  by  compression  and  the  braces  by 
extension. 

To  show  this,  let  us  endeavor  to  determine  approximately  the  resist- 
ance of  the  cheeks  to  compression  and  of  the  braces  to  extension  in  the 
case  where  the  axle  is  permanently  attached  to  the  cheeks. 

The  length  of  the  braces  is  30  inches,  which  is  equal  to  the  distance 
from  their  point  of  attachment  to  the  cheeks  to  the  trunnion  beds.  The 
area  of  the  cross-section  of  the  Cheeks  is  6  square  inches  and  t^at  of 
braces  3.84  square  inches. 

The  work  performed  by  the  resistance  of  the  cheeks  and  the  braces 
in  maintaining  an  equilibrium  with  the  shock  will  be  expressed  by  the 
following : 

(6  Rr  +  3.84  Wx')  x  30 

in  which  B  represents  the  maximum  strain  of  compression  per  square 
inch  of  cross-section  which  wrought  iron  can  stand,  and  x  the  corre- 
sponding reduction  per  inch  in  length ;  R'  the  tensile  strength  per  square 
inch  of  wrought  iron,  and  x'  the  corresponding  extension  per  inch  in 
length :  R  and  R'  being  expressed  in  pounds  and  x  and  x^  in  inches.  If  we 
assume  as  the  elastic  limit  for  iron  uDder  a  strain  of  extension  R^  = 
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21270,  and  under  a  strain  of  compression  E  =  14223,  then  we  have  ac- 
cording to  Hodgkinson  x  =  0.002  and  x'  =  0.00075. 

Applying  these  values  to  the  above  expression  we  obtain  as  a  result 
579  foot-pounds.  Tliis  is  the  maximum  resistance  of  which  the  cheeks 
and  braces  are  capable  without  submitting  to  permanent  disfigurement, 
and  this  is  less  than  a  third  of  that  offered  by  the  buffer.  It  is  evident 
therefore  that  whenever  the  axle  is  attached  to  the  cheeks  in  a  fixed 
position  the  carriage  will  be  always  disabled,  and  that  it  is  consequently 
absolutely  indispensable  to  increase  the  dimensions  of  the  cheeks  and 
braces,  in  spite  of  the  consequent  increase  in  the  weight  of  the  carriage. 

In  order  to  avoid  this  inconvenience  we  are  obliged  to  resort  to  the 
use  of  steel,  the  elastic  limit  of  which  is  much  higher  than  that  of  iron, 
equally  with  respect  to  compression  as  to  extension,  but  it  then  becomes 
necessary  to  exercise  the  utmost  care  in  the  construction,  and  to  only 
employ  steel  of  the  very  best  quality. 

The  correctness  of  these  deductions  has  been  fully  supported  by  facts. 

The  first  carriage  for  a  long-range  gun  was  made  without  a  buffer, 
after  the  type  of  the  Swiss  carriage,  and  furnished  with  a  cylindrical 
axle  3.25  inches  in  diameter,  firmly  attached  by  three  straps,  under  the 
cheeks  and  between  them.  At  the  end  of  30  rounds  fired  from  the 
9-pounder  gun,  the  axle  was  bent  and  was  replaced  by  a  heavier  axle, 
with  a  square  body  measuring  4  inches  on  a  side.  This  new  axle  was 
as  seriously  bent  after  10  rounds  fired  from  the  9-pounder  with  a  charge 
of  5.4  pounds.  They  then  tried  to  mount  the  carriage  on  the  ordinary 
service  axle  stiffened  by  braces ;  but  the  axle  broke  at  the  end  of  250 
rounds,  the  fracture  showing  the  poor  quality  of  the  metal.  When  the 
broken  axle  was  examined  it  was  found  that  the  holes  for  the  bolts  used 
in  assembling  it  to  the  carriage  were  worn  oblong,  and  the  bolts  them- 
selves twisted  and  sheared. 

In  consequence  of  this  mishap,  a  bnffer  was  attached  to  the  carriage, 
which,  thus  modified,  stood  without  the  least  disfigurement  604  rounds 
fired  from  the  ordinary  9-pounder  and  heavy  4-pounder  gun,  80  of  which 
were  fired  with  the  trail  embedded  in  the  earth  so  as  to  entirely  sap- 
press  recoil;  at  the  end  of  the  firing  the  trail  was  found  buried  almost 
to  the  elevating  screw. 

Following  this  model,  a  new  carriage  was  constructed  which  endured 
at  once  without  disfigurement  1,190  rounds,  fired  from  the  long-range 
4-pounder  gun.  After  this  trial,  they  replaced  the  axle  by  another, 
stronger  one,  in  order  to  make  it  fit  for  service  with  the  9-pounder  gun. 
The  carriage  so  modified,  then  received  a  long-range  9-pounder  gun  with 
its  chamber  enlarged  so  as  to  secure  an  initial  velocity  of  1,200  feet. 
They  then  fired  404  rounds  with  this  gun,  using  charges  of  5.G4  pounds  of 
large  grain  powder,  100  rounds  being  fired  under  an  angle  of  elevation 
of  20^.  This  trial  the  carriage  stood  successfully.  It  was  then  provided 
with  seats  mounted  upon  cork  springs,  which  at  once  proved  themselves 
serviceable.  Before  this  arrangement  the  seats  at  the  end  of  200  rounds 
showed  that  they  were  damaged,  and  at  the  close  of  the  proof  of  the 
carriage  were  found  almost  entirely  detached;  seats  mounted  on  the  cork 
springs  are  not,  however,  exposed  to  such  a  mishap. 

With  the  third  carriage  1,600  rounds  were  fired  from  the  4-i>ounder 
long-range  gun.  The  caniage  and  seats  stood  this  proof  without  injury. 
The  excess  of  strength  thus  proved  permits  the  application  to  the  car- 
riage of  another  improvement  in  the  shape  of  a  spade  fastened  to  the 
foot  of  the  trail  designed  to  diminish  the  recoil.  In  consequence  of  this 
improvement  the  gun,  after  20  rounds,  is  found  to  have  retired,  in  con- 
sequence of  the  recoil,  not  more  than  7  paces  from  the  position  first  occu- 
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pied.  This  dimmation  in  the  amoant  of  recoil  fa^cilitates  the  rapidity 
of  fire. 

The  trial  sastained  by  the  carriage  with  the  9-poander  gun,  having  an 
initial  velocity  Of  1,200  feet,  shows  that  it  is  possible  to  increase  this 
velocity,  even  with  the  4-pottnder  cavalry  gun. 

It  is  shown  in  Table  B  that  the  velocity  of  recoil  is  18.20*  feet  for  the 
long-range  9-pound  gun,  with  an  initial  velocity  of  1,200  feet,  while  it  is 
only  17.5  feet  for  the  4pounder  cavalry  gun  with  an  initial  velocity  of 
1,400  feet;  besides,  the  9- pounder  gun  weighs  1,371  pounds,  while  the 
4-pouiider  weighs  but  723  pounds.  The  action  of  the  9-pounder  is,  there- 
fore, much  greater  upon  the  buffer  than  that  of  the  4-pounder,  and  it  can 
be  seen  from  Table  B  that  the  former  is  much  more  severe  upon  its 
carriage. 

Practice,  therefore,  confirms  these  deductions.  In  firing  the  9-pounder 
lon^  range  gun,  the  buffer  is  compressed  1.5  inches,  while  it  only  reaches 
0.75  inch  under  the  fire  of  the  4-pounder  cavalry  gun.  Thanks  to  the 
favorable  results  thus  obtained,  it  is  possible  to  change  from  the  ordi- 
nary field  gun  to  the  long-range  gun  without  increasing  the  total  weight 
of  the  gun  and  carriage,  as  is  shown  by  the  following  figures : 


Caliber. 


9-FOUNDRB. 

Service 

Ixokg-mnge 

4-rOUNDBB. 

Service  

Long-ranice 


Weight 


Oiuu 

CarriAge. 

Pieoe. 

Pounds. 
1,336 
1,371 

Pounds. 
1,178 
1,080 

Pounds. 
2,500 
2,460 

728 
723 

1,014 
1.080 

1,787 
1,803 

It  is  seen,  therefore,  that  the  division  of  the  carriage  into  two  distinct 
parts,  and  the  introduction  of  the  buffer,  form  a  system  of  constructioii 
totally  different  from  that  of  any  other  nation;  a  system  for  which  are 
claimed  over  others  the  following  advantages: 

It  enables,  without  increase  of  weight,  the  construction  of  carriages 
for  long-range  guns  out  of  wrought  iron,  a  metal  in  which  every  confi- 
dence can  be  placed; 

It  abolishes  the  necessity  of  increasing  the  weight  of  the  gun  in  spite 
of  the  adoption  of  long-range  guns; 

It  enables  the  recoil  to  be  reduced  to  almost  nothing,  or  when  neces- 
sary absolutely  suppressed; 

Finally,  it  permits  the  use  of  a  single  carriage  for  aU  field  guns,  old 
or  new. 
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54.92 
12.00 

odt-:d 

17.00 
19.02 
Lbs. 

732 
1,056 

815 

57.76 
54.92 
12.00 

8.5 

7.48 

10.50 

17.00 
19.02 
Lbs. 

866 
1,202 

315 
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COLONEL  ENGELHARDrS  CARRIAGE. 

(Description  from  the  Reyne  D'Artillerie,  Angnst,  1877.) 

(Plate  I.) 

This  carriage  is  intended  for  the  service  of  both  the  9  pounder  and 
4-pounder  (using  trunnion-rings),  and  tor  the  long-range  guns  recently 
designed.  It  is  composed  of  two  parts,  the  "body''  of  the  carriage  and 
the  "train,"  united  in  such  manner  that  the  shock  received  by  the  first 
part  from  the  trunnions  of  the  gun  is  transmitted  progressively  to  the 
second  by  means  of  an  elastic  compressor. 

The  body  is  formed  of  two  cheeks,  made  of  0.26*  inch  plate,  flanged 
along  its  entire  periphery;  the  projecting  edges  thus  formed  take  the 
place  of  the  angle-iron  heretofore  used  for  re-inforcing  the  cheeks. 

The  cheeks  are  assembled  by  four  transoms  (a,  6,  c,  d)j  two  assembling- 
collars  containing  bolts  (m  and  n),  and  a  trail-plate  {p).  The  width  of 
the  cheeks  from  out  to  out  is  14.5  inch  at  the  height  of  the  trunnions 
and  7.5  inch  at  the  trail. 

Near  the  head  of  the  carriage  are  the  trunnion-beds,  strengthened  by 
bed-plates  and  covered  by  hinged  cap-squares. 

The  first  transom  starts  from  the  trunnion-bed,  and,  following  the  line 
a  a,  runs  obliquely  toward  the  axle,  and  is  bracked  along  the  under  edge 
of  the  cheek  for  a  length  of  8  inch.  The  upper  part  of  this  transom  is  cut 
away  to  make  space  for  the  gun.  The  second  transom  is  also  placed 
obliquely,  following  the  line  h  h  from  the  rear  end  of  the  trunnion  bed- 
plate to  tne  lower  edge  of  the  cheek;  it  is  almost  parallel  to  the  firist 
transom  and  is  similarly  cut  out  above  for  the  gun. 

The  third  and  fourth  transoms  are  placed  along  the  lines  e  c  and  d  d 
(vertical),  and  serve  as  transverse  supports  to  a  trail-chest.  The  last 
and  first  two  transoms  are  riveted  to  the  cheeks  by  their  flanges;  the 
third  is  not  assembled  in  the  same  manner^  the  lower  edge  alone  is 
flanged;  the  other  edges  are  riveted,  respectively,  to  the  flanges  of  two 
re-inforcing  side-plated,  which  furnish  on  the  interior  of  the  cheeks  the 
slide  for  the  cross-head,  and  to  the  flange  of  a  plate  above  the  trail,  near 
the  elevating  apparatus;  this  last  plate  is  cut  away  in  front  to  make 
room  for  the  elevating-rack,  and  its  qjbher  three  sides  are  b^atdown,  the 
long  sides  over  the  cheeks,  and  the  rear  side  against  the  third  transom, 
to  which  it  is  riveted. 

The  cheeks  are  otherwise  assembled  by  two  bolts,  furnished  with  coU 
lar-transoms^  and  by  a  trail-plate.  One  of  these  bolts  (m)  is  plaeed  near 
the  elevating  apparatus,  and  the  other  (n)  at  the  trail,  wnere  it  also  serves 
to  hold  the  front  end  of  the  trail-handle. 

The  trail-plate  (h)  is  made  of  0.26-inch  plate  and  riveted  to  the  flanges  of 
the  cheeks;  its  under  part,  prolonged  toward  the  axis,  contains  an  open- 
ing in  which  is  imbedded  a  bronze  lunette;  this  lunette  has  a  groove  in 
its  under  surface  to  assist  the  operation  of  limbering. 

The  bottom  of  the  trail-chest,  contained  between  the  last  two  transoms 
and  the  cheeks,  is  formed  of  an  iron  plate,  supported  upon  the  lower  flanges 
of  the  transoms  and  riveted  with  them  to  the  cheeks  at  the  comers. 
The  cover  is  also  made  of  thin  plate,  the  long  sides  of  which  are  bent 
down  over  the  cheeks,  while  the  short  sides  are  furnished  with  hinges 
and  hasps,  so  that  the  chest,  which  contains  the  cork  buffer,  may  be 
opened  and  shut. 

The  elevating  apparatus  is  composed  of  two  screws  like  those  in  the 
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service  carriage;  the  bronze  nut  is  not  attached  to  a  special  support,  but 
is  furnished  with  trunnions,  which  rest  upon  two  bolst-ers  (q)  of  an  ellip- 
tical form,  riveted  to  the  cheeks  by  the  first  assembling-bolt  and  by  two 
other  bolts  for  each  cheek.  Of  these  trunnions,  the  right  one  has  a  hole 
in  it,  in  which  a  screw-thread  has  been  cut,  and  in  which  works  a  shank 
having  a  handle  on  the  outside  of  the  cheek ;  the  other  extremity  of 
this  shank  rests  upon  ^  piece  of  steel  («,  Fig.  7),  provided  with  threads 
corresponding  with  those  of  the  nut.  The  outer  elevating  screw  is 
locked  by  this  shank;  it  carries  on  top  a  circular  rack  (t)  and  an  inde- 
pendent collar;  the  jointed  handle  (u)  attached  to  the  collar  carries  a 
tooth  which  must  be  geared  with  the  rack,  in  order  to  turn  it.  The 
head  of  the  inner  screw  is  connected  by  a  bolt  to  a  movable  fork,  whose 
branches  are  each  hinged  to  projections  on  the  front  transom. 

The  trail  handspike  swings  back  npon  the  carriage;  it  consists  of  a 
wooden  handspike  held  by  an  iron  socket,  which  takes  the  form  of  an 
arc  toward  the  trail;  in  pointing,  the  handspike  tests  between  two  pro- 
jections {V  v)  fixed  on  top  of  the  trail-J)late,  and  is  held  there  by  a  key. 
After  firing,  the  handspike  is  bent  back  over  the  cover  of  the  trail-chest 
on  to  the  shoulder*of  the  support  (x),  where  it  is  held  by  a  hinged  clasp. 

There  are  two  handles  on  the  trail  for  handling  it,  and  a  steel  spade, 
solidly  bolted  to  the  end  of  the  trail,  arrests  the  recoil  by  plowing  through 
the  ground;  in  hard  ground  the  recoil  is  reduced  to  7  inches. 

The  necessary  iron  hooks  and  rings  are  attached  to  the  carriage  to 
carry  the  sponges,  shovel,  bucket,  and  grape-box,  one  of  the  latter  being 
carried  for  the  9-pounder  and  two  for  the  4-pounder. 

The  second  part  of  the  carriage,  which  is  called  the  "train,''  is  com- 
posed of  the  axle,  the  wheels,  the  movable  cross-head,  and  the  com- 
pressor. 

The  axle  (a)  rests  in  straps  fastened  by  two  bolts  to'there-inforcing 
band  tinder  the  cheeks.  These  straps  and  bands  form  slides  sufficiently 
long  to  allow  the  axle  a  play  in  both  directions  (front  and  rear). 

The  axle  is  made  of  ii*on,  is  2.5  inches  square  at  the  shoulder,  while 
the  axle  body  has  the  same  width  and  is  3.5  inches  high. 

From  the  shoulder  of  each  axle-arm  starts  a  tie-strap  (&),  which  runs 
to  the  middle  of  the  cheek,  and  is  thei-e '  attached  by  an  eye  to  the  ex- 
tremity of  the  cross-head  (/);  the  crbss-liead  works  in  the  two  slides 
cut  for  it  in  the  cheeks  and  provided  outside  of  the  cheeks  with  rim- 
bases,  whose  outer  surfaces  are  parallel  to  each  other;  by  this  means 
the  distance  between  the  inner  faces  of  the  ends  of  the  tie-straps  is  kept 
constant.  The  play  between  the  axle-body  and  its  strap  is  the  same  as 
that  of  the  cross-head  and  its  slide  in  the  cheeks. 

The  axle,  the  tie-straps,  and  the  cross-head  form  thus  a  trapezoidal 
combination,  capable  of  moving  backward  and  forward,  to  a  certain  ex- 
tent, with  reference  to  the  cheeks. 

Copper  and  leather  washers  are  placed  alternately  upon  the  cross- 
head,  between  the  ends  of  the  tie-straps  and  the  cheek  rimbases,  to 
weaken  the  efBdCt  of  lateral  shocks. 

Vpon  the  cross-head  are  wedged  two  bolts  with  looped  heads  (h  h)j 
which  pass  through  the  third  transom  and  an  iron  plate,  which  contains 
between  them  the  compressor,  composed  of  seven  plates  of  cork  between 
two  plates  of  oak.  Screw  nuts  on  the  ends  of  these  bolts  serve  to  force 
the  sliding  combination  toward  the  transom  by  compression  of  the  cork. 

At  rest,  the  axle  and  cross-head  should  be  retained  against  the  rear 
face  of  their  respective  bearings.  Since  nuts  do  not  unlock  themselves^ 
a  double  wrought-iron  wrench  is  fitted  to  them,  which  prevents  them 
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from  turuing,  and  is  kept  in  place  by  a  small  pin  attached  to  the  inuei 
plate. 

The  cork,  before  being  used,  should  be  boiled  in  a  mixture  of  three 
parts  (by  volume)  of  water  and  one  part  of  honey;  then  submitted  to 
a  pressure  sufficient  to  reduce  its  height  twenty  per  cent.,  and  then 
coated  with  soap. 

To  form  the  compressor,  they  arrange  together  three  times  in  succes- 
sion two  pressed  cork  plates  and  one  thin  iron  one,  and  then  a  seventh 
cork  plate;  the  iron  plates  must  extend  0.1  inch  beyond  the  cork  to  pro- 
tect it  from  being  broken.  The  compressor  thus  formed  is  about  7.0 
inches  high  between  the  plates,  the  pressure  of  the  nuts  reducing  this 
to  from  3.3  inches  to  3.5  inches.  This  only  occurs  when  the  gun  is 
ready  for  firing.  Then,  care  must  be  taken  that  the  cork  does  not  lose 
its  elasticity,  and  to  observe  the  motion  of  the  axle  in  its  straps.  The 
extent  of  this  movement  should  not  exceed  2.0  inches. 

The  wheel  selected  for  this  carriage  is  the  service  wheel,  with  a  nave 
slightly  shortened,  and  furnished  with  a  cylindrical  nave-box,  which 
projects  slightly  and  is  so  arranged  as  to  hermeticallyseal  the  end  of 
the  axle-arm. 

The  axle  and  tie-straps  support  two  seats  for  caunoneers,  with  foot- 
rests  so  hinged  as  to  swing  back  to  the  rear;  each  seat  is  mounted  upon 
three  cork  S))rings,  formed,  like  the  compressor,  of  alternate  rings  of 
cork  and  iron  plate,  held  in  a  small  iron  case,  a  bolt  running  through 
the  rings  (at  their  centers)  and  the  upper  end  of  the  case. 

The  two  front  supports  are  fastened  to  the  axle,  the  rear  one  to  the 
tie-strap ;  the  rear  one  for  the  left  seat  terminates  below  in  a  bucket- 
hoop. 

In  firing,  the  cheeks  commence  to  recoil  sooner  than  the  axle  and 
wheels,  which  only  receive  the  shock  after  it  has  been  reduced  by  the 
compressor;  in  consequence  of  the  reaction  due  to  the  elasticity  of  the 
cork,  the  "slide"  (wheels,  axle,  and  cross-head)  at  the  end  of  the  recoil 
returns  to  its  original  position. 

The  new  carriage  permits  of  20^  elevation. 

DESCRIPTION  OF  THE  ENGELHARDT  FIELD    CARRIAGE,  LIIVIBER,  AND 

CAISSON. 

[From  the  Revae  d'Artillerie,  July,  1878.] 

The  carriage— (Plate  II.) 

Besides  the  substitution  of  rubber  for  cork  in  the  compressor  and 
elsewhercj  the  most  important  improvement  over  the  model  described 
August,  1877,  consists  in  the  strengthening  of-  the  spade  which  is  at- 
tached to  the  trail.  This  spade,  where  it  plows  the  ground,  is  now  1.8 
inches  thick,  and  is  supported  its  entire  length  by  the  end  of  the  trail,  to 
which  it  is  attached  by  three  bolts,  two  above  and  a  larger  one  in  the 
middle.  The  length  of  the  projection  beneath  the  trail  has  also  been 
reduced,  as  shown  in  Fig.  1. 

The  elastic  compi'essor  is  now  made  of  rectangular  plates  of  rubber 
(a,  Fig.  2),  (whose  corners  are  rounded  to  prevent  tearing),  with  a  hole 
of  the  same  shape  in  the  center.  Along  its  smaller  sides  are  made  semi- 
circular recesses  in  which  fit  bolts  (h)  with  looped  heads.  Between  the 
two  plates  is  a  diaphragm  of  iron  plate  fitted  on  both  of  its  faces  with 
guides  riveted  on,  which  hold  it  steady  midway  between  the  plates;  the 
head  of  the  cap  (g)  has  similar  guides  riveted  on. 
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This  arrangement  of  guides,  and  bolts  with  looped  heads,  is  intended 
to  support  the  plates  and  prevent  abnormal  disfiguration  under  the 
violent  strains  to  which  it  is  subjected. 

The  total  compression  of  the  rubber  plates  is,  under  fire,  1.5  inches  for 
the  4  pounder,  and  2.1  inches  for  the  9-pounder  long-range  gun. 

Under  ordinary  circumstances,  rubber  would  be  unsuitable  for  such 
use,  for  it  hardens  at  low  temperatures  and  loses  its  elastic  properties; 
but  Colonel  Engelhardt  has  discovered  and  patented  a  process  by  which 
perfectly  pure  rubber,  subjected  to  a  certain  process  of  vulcanization,  is 
unaltered  by  temperatures  as  low  as  25^  below  zero. 

Eubber  washers  (m)  are  also  placed  at  the  extremities  of  the  movable 
cross-head  (/),  between  the  collar  formed  by  the  brace  (b)  and  the  nut 
of  the  cross-^ead,  to  weaken  the  lateral  shock  experienced  here.  FinaUy, 
another  rubber  washer  is  placed  on  the  axis  of  the  stop  for  the  pointing- 
lever,  between  the  stop  and  the  lever,  to  soften  the  shock  received  in 
firing;  the  lever  is  also  considerably  raised,  which  makes  the  position  of 
the  gunner  less  fatiguing;  and  on  the  end  of  it  is  a  horizontal  bar  15.7 
inches  long,  on  which  the  gunner  leans. 

The  cork  springs  which  supported  the  seats  of  the  carriage  have  been 
replaced  by  rubber  springs  (Fig.  3)  formed  of  a  simple  cylindrical  tube 
(a)  bearing  at  each  end  upon  the  conical  head  of  a  bronze  collar  (&),  and 
traversed  by  the  bolt  (c),  which  supports  the  plate  for  the  seat,  and 
passes  freely  through  the  bronze  collars  and  into  the  support  (/)  which 
is  fixed  to  the  axle  or  brace. 

The  cheeks  of  0.26  inches  flanged  plate  are  90.5  inches  long,  measured 
along  the  lower  edges,  which  is  rectilinear:  their  width,  measured 
normal  to  this  e^ge  is  14.5  inches  in  rear  of  the  trunnions  (maximum); 
9.5  inches  at  the  seat  of  the  elevating  apparatus  and  slide,  and  only  4 
inches  at  the  center  of  the  trail  (minimum). 

The  flange,  extending  along  the  entire  periphery,  is  2  inches  wide, 
gradually  reducing  to  1.5  inches  at  the  bottom  of  the  trail. 

The  total  length  of  the  iron  axle  is  76.3  inches,  42  inches  of  which  is 
taken  up  by  the  axle  body.  Near  the  middle  of  the  axle  body  are  two 
projections  (Fig.  4^  Plate  ni),  against  which  the  cheeks  rest.  The  width 
of  the  axle  body  is  2.5  inches;  its  height,  which  varies  from  3  inches 
to  3.2  inches  between  the  shoulder  and  the  projectioii,  is  3.5  inches  in 
the  middle;  its  upper  face  is  horizontal,  and  the  additional  thickness  at 
the  projections  is  obtained  by  a  suitable  inclination  of  the  lower  face 
between  the  projections  and  the  shoulders.  The  axle  arms  are  2.8^ 
inches  in  diameter  at  the  larger  end,  and  2.1  inches  at  the  small  end, 
with  a  pitch  of  0.3  inch  for  its  entire  length,  which  is  17.2  inches. 

The  axle  is,  at  rest,  31.2  inches  from  the  axis  of  the  cross-head  |  the 
straps  which  unite  the  two  are  of  iron  plate,  2.4  inches  high,  with  a 
mean  thickness  of  0.5  inch  near  the  axle,  and  0.6  inch  near  the  cross- 
head;  the  cross-head  is  made  of  steel,  total  length  18  inches,  2  inchei^ 
wide,  and  1.5  inches  high. 

The  shank  of  the  bolts  with  looped  heads  is  1.1  inches  in  diameter:  the 
head  which  embraces  the  cross-head  is  1.5  inches  wide  and  0.6  inch  thick. 
The  stay -plate  which  supports  the  compressor  is  0.5  inch  thick.  Aa 
for  the  compressor  itself  (dimensions  given.  Fig.  2),  each  composing 
plate  is  2.5  inches  thick;  the  diaphragm  is  a  plate  0.12  inch  thick,  and 
the  guides  made  of  0.26  inch  plate. 

The  springs  for  the  seats  of  the  carriage  are  3  inches  in  height,  2.5 
inches  exterior  and  1  inch  interior  diameter.  There  are  keys  for  all  nut» 
used  on  the  carriage,  limber,  and  caisson. 
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Limber— (Plate  II). 

The  frame  (Fig.  6*),  shaped  like  a  shield,  is  composed  of  two  side- rails 
meeting  in  a  point  at  the  rear,  and  of  a  fixed  splinter-bar  forming  the 
front  of  the  frame;  stiffness  is  secured  besides  by  two  cross-pieces;  all 
of  these  pieces  are  made  of  strong  angle-iron,  the  horizontal  flange 
uppermost.  Their  joints  are  secured  by  pieces  of  angle-iron,  and  to 
prevent  tlie  outer  parts  of  the  splinter-bar  from  bending,  the  ends  are 
fastened  to  the  side  rails,  a  little  in  advance  of  the  first  cross-piece,  by 
iron  braces.  '^  Steps ^'  are  attached  to  both  ends  of  the  splinter-bar,  as 
well  as  four  permanent  trace-hooks,  each  closed  by  a  movable  catch. 
At  the  middle  of  the  bar  is  a  bridle  (f),  through  which  passes  the  pole, 
the  pole-socket  fitting  in  between  two  ears  (t)  attached  to  the  front  cross- 
bar, where  it  is  held  by  a  key-bolt ;  the  small  end  of  this  bolt,  jointed  to 
the  shank  by  a  hinge,  serves  to  keep  the  bolt  in  place.  At  the  end  of 
the  frame  the  side  rails  are  united  by  two  assembling-plates,  que  above 
and  the  other  below,  upon  which  is  bolted  the  pintle;  there  are  projec- 
tions (a)  on  the  lower  plate,  through  which  it  is  riveted  to  the  side  rails, 
and  the  double  pintle  nut  rests  against  a  ring  washer  (6)  which  carries 
the  locking  chain  (Fig.  6^). 

On  the  right  and  left  of  the  pintle  are  two  handles,  which  probably 
are  intended  as  points  of  attachment  foi:  a  system  of  drags  for  the 
limber. 

The  same  axle  is  used  for  the  limber  and  caisson  f Fig.  5,  Plate  III); 
the  body  of  rectangular  cross-section  is  2.8  inches  high  by  2  inches  wide; 
there  are  large  circular  shoulders  on  the  ends,  which  fit  into  correspond- 
ing recesses  in  the  wooden  naves  of  the  wheel;  these  latter  are  55 
inches  in  diameter;  they  are  kept  on  by  a  washer  and  liuch-pin,  secured 
by  an  elastic  thong  of  heavy  iron  wire. 

The  axle  arms,  though  a  little  shorter,  have  the  same  dimensions  as 
those  of  the  carriage;  however,  the  pitch  is  0.4  inch. 

At  right  angles  to  the  frame  two  ribs  are  riveted  onto  the  axle  for  the 
purpose  of  attaching  it  to  the  suspension-springs,  as  well  as  to  serve  as 
guides  for  the  '^  plates''  which  support  the  body  of  the  limber.  The  body 
of  the  limber  rests  then  indirectly  upon  the  axle,  but  through  the  me- 
dium of  springs  placed  below  it. 

The  suspension  is  obtained  as  follows:  Each  side  rail  is  supported  by 
two  triangular  braces  (e)  made  of  0.26  inch  plate,  placed  on  the  right  and 
left  of  the  axle,  with  space  enough  between  their  vertical  edges  for  the  axle 
to  pass  through;  these  same  edges  are  reinforced  on  the  iaside  and  out 
by  heavy  bands  (/),  which  form  the  supporting  plates^  between  which  fit 
precisely  the  ribs  on  the  axle,  which  prevent  lateral  displacement  by  the 
projections  which  bear  against  the  "plates'';  the  ends  of  the  outside 
re-inforcing.  bands  have  threads  cut  on  them,  upon  which  is  firmly  bolted 
the  flange  (^),  of  an  elongated,  hexagonal  shape,  with  pnyections 
between  which  are  held  the  triangular  supports  (e)\  these  supports  are 
bound  to  the  middle  of  each  cross-piece  by  braces  (A,  Fig.  6). 

The  lower  face  of  the  flange  {g)  contains  a  longitudinal  slit  by  which 
it  rests  upon  a  projection  on  the  upper  surface  of  the  spring-box.  The 
spring  (Fig.  6^)  is  of  rubber  and  in  the  shape  of  two  frustrums  of  cones, 
united  at  their  larger  bases ;  a  ring  of  iron  fastened  at  the  height  of 
their  common  base  protects  the  rubber  spring,  which  is  traversed  along 
its  axis  by  the  suspension  bolt  (i),  pivoted  to  tne  lower  rivet  of  tiie  axle- 
ribs.  The  spring  rests  at  bottom  on  a  circular  plate,  and  sapi>orts  the 
weight  of  the  body  of  the  limber  by  means  of  the  flange  {g)y  and  bronze 
cover  (j),  to  which  is  attached  the  projection  upon  which  the  flange 
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piesBes.  A. light  wooden  box  attad^  only  above  protects  the  rubber 
from  bruises  and  irom  exposure.  Leather  washers  are  plaoed  between 
the  flange  {g)  and  the  axle-ribs  to  lessen  the  effects  of  shocks. 

The  limber  carries  a  chest  riveted  upon  the  cross-bars  and  fastened 
besides  to  the  one  in  front  by  two  bands  {L\  and  to  the  rails  by  two  side- 
bands {m)j  ending  at  bottom  in  rings  to  which  different  ropes  are 
attached  under  the  carriage  by  means  of  straps. 

The  -chest-^  made  of  0.06  inch  plate,  is  surmounted  by  a  rail  running 
round  the  back  and  sides.  The  pieces  are  joined  together  without  angle- 
iron,  by  simply  briuging  the  edges  together.  A  ft*ame  of  irop  plate^  upon 
which  are  riveted  the  side  bands,  borders  the  r^ar^of.  the  chest,  which 
is  completely  open,  and  shows  only  an  upright  in  the  middle^  shaped 
like  tiie  letter  U,  which  receives  the  vertical  hinges  of  the  doors  for  the 
two  half-chests.  These  doors  are  strengthened  by  a  frame  with  a  turned 
back  edge,  which  embraces  the  small  side  of  the  chest,  where  the  door 
is  closed,  to  mask  the  joint  and  keep  out  the  rain ;  to  lock  the  chest, 
«ach  door  is  provided  with  a  hasp  which  looks  into  a  swivel-key.  Should 
the  key  be  broken,  the  doors  .can  be  fastened  by  straps  passing  through 
the  rings  (o). 

An  ax  (n.  Fig.  6^)  is  carried  on  the  side  of  the  chest,,  and  two  pick- 
axes are  places  on  the  lid  of  the  piece,  one  against  each  of  the  small 
9ides,  the  handles  attached  by  straps  to  Hie  uprights  of  thexail. 

The  chest  (Fig.  6  and  6^)  ia  divided  by  the  U-shaped  upright  into  two 
half-chests,  allowing  a  space  between  them  equal  to  the  width  of  the 
upright;  each  half-chest  is  then  itself  subdivided  by  partitions  of  pe- 
culiar construction  into  six  divisions,  each  containing  one  loading  case. 
Bibs  above  and  below  (g,  Fig.  6),  which  also  serve  as  guides  when  insert- 
ing or  reimoving  the  cases,  are  made  of  0.06-inch  plate,  bent  into  aT-shape 
(Fig.  7),  and  riveted  respectively  to  the  bottom  and  under  the  lid  of  the 
chest.  The  middle  ribs  (r),  which  also  support  the  cases  of  the  upper 
tier,  are  formed  of  two  similar  pieces  joined  at  their  bases,  the  upi)er 
one  grasping  the  lower  by  its  overlapping  edges  (Fig.  8);  at  their  two 
extremities  enough  play  is  left  between  the  plates  to  admit  their  being 
adjusted  together,  and  their  being  riveted  on  one  side  to  a  simple  longi- 
tudinal support  attached  to  the  front  of  the  chest,  and  on  the  other  to 
a  band  of  strong  plate  fastened  by  projections  at  right  angles  to  the 
rear  of  the  chest  against  the  small  side  and  the  U-shaped  upright. 

The  six  lower  divisions  thus  obtained  are  intended  each  to  receive  a 
projectile  (Fig.  13,  Plate  III);  the  six  upper  divisions,  of  less  height,  re- 
ceive charges  placed  in  leather  boxes  (Fig.  14),  arranged  in  the  inside 
into  as  many  cylindrical  vertical  pockets  as  tiiere  are  cartridges  to  be 
contained. 

In  front  of  the  chest,  the  limber  carries  a  wooden  box  attached  to 
each  side- rail  by  two  straps  (u)  prolonged  below  to  form  large  hoops,  to 
carry  spare  ropes  and  straps.  Only  the  inclined  part  on  top  of  the  box 
is  movable,  and  this  forms  the  lid,  closed  by  a  hasp  and  key;  it  also 
serves  as  a  foot-board  for  the  cannoneer  mounted  upon  the  chest,  and 
consequently  is  covered  with  a  thin  iron  plate.  The  box  cont^s  dif- 
ferent utensils  and  spare  parts ;  the  box  of  the  limber  contains  espe- 
cially the  hausse,  instruments,  and  a  monkey-wrench. 

The  leading  horses,  instead  of  being  attached  directly  to  the  traces 
of  those  in  rear,  are  hitched  to  a  swing-tree  attached  to  the  end  of  the 
pole,  which  is  here  strengthened  by  plates  above  and  below,  and  by  a 
<>oUar  (Fig.  10).  The  hook  for  the  swing-tree  is  closed  by  a  movable 
ing,  and  secured  by  a  bolt  which  forms  part  of  it,  and  passes  through 
and  through  the  end  of  the  pole  and  both  plates,  a  little  in  rear  of  the 
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APPENDIX  37/. 

PROGRESS  REPORT  ON  THE  CONSTRUCTION  OP  FOUR  It-IKCn  BREECH- 

LOADING  CHAMBERED  RIFIiES. 

(One  (date.) 

These  rifles,  whieh  are  all  to  be  made  apon  tlie  ezme  plan,  are  to  con- 
6ist  of  a  cast-iron  body  or  casing  lined  with  a  steel-jacketed  coiled 
wrought-iron  tabe  inserted  at  the  breech,  the  jacket  of  the  tube  being 
prolonged  to  the  rear,  and  adapted  for  the  reception  of  the  breech- 
mechanism  which  is  to  be  made  after  the  Krapp  system. 

The  breech  of  the  casing  is  to  be  re-inforced  with  s,  steel  breech-band« 
A  contract  for  their  fabrication  was  made  with  the  South  Boston  Iron 
Company,  under  date  of  October  15, 1880. 

The  terms  of  this  contract  require  the  South  Boston  Iron  Company  to 
cast  the  casings  of  these  rifles  from  cast-iron  of  the  standard  qucJity  pre- 
scribed by  the  Ordnance  Department  for  the  manufacture  of  heavy  guns, 
and  to  do  all  the  work  of  finishing,  fitting,  and  assembling  the  various 
parts. 

In  another  contract  with  the  same  party,  dated  September  28, 1880, 
they  are  required  to  ftimi&^  the  necessary  steel-parts  for  the  rifles,  which 
areto  be  equal  in  physical  qualities  to  the  steel  used  in  the  fabrication 
of  the  8-inch  breech-loading  rifle,  described  in  the  report  of  the  Chief  of 
Ordnance  for  1878.  The  coiled  wrought-iron  tubes  are  to  be  furnished 
by  the  United  States  and  fabricated  at  the  West  Point  foundry.  On 
account  of  the  necessity  of  preparing  the  plant  to  be  used,  but  little  prog- 
ress has  been  made  at  the  present  date  (August  10, 1881)  towards  ful- 
filling the  contract  for  the  fabrication  of  these  rifles.  It  may  be  summed 
up  as  follows : 

The  core-arbor  and  flask  for  making  the  molds  of  the  casings  have 
been  cast,  and  are  being  finished  and  prepared  for  use.  The  pig-iron 
to  be  used  in  casting  ha«  been  purchased  and  delivered  at  the  foundry. 
Under  the  contract  for  furnishing  the  steel,  all  the  required  parts,  with 
the  exception  of  one  jacket,  or  breech-receiver,  and  three  breech-bands, 
have  been  procured  and  delivered  from  the  works  of  Firth  &  Co.,  at 
ShefQeld,  England. 


PROGRESS   REPORT   OF   TUBES   FOR   FOUR    12-INCH   BREECH-LOADING 
RIFLES,  NOW  BEING  CONSTRUCTED  AT  THE  WEST  POINT  FOUNDRY. 

The  tube  iron  was  obtained  firom  the  Ulster  Iron  Works  in  lengths 

and  sizes  as  follows : 
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No.  2.  24  bars  15'  long;  cross-section 
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:Nro.  3.  36  bars  17'  8"  long;  cross-section  3f ''  square. 
No.  4.  36  bars  16'  8"  long;  cross-section  3"  square. 
Specimens  3"  long  between  shoulders  and  0".567  in 
diameter  were  tested  with  the  following  results: 
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The  68  bars  of  No.  1  were  united  in  sets  of  four,  each 
forming  17  bars,  the  longest  of  which  was  intended  as  a 
"dummy"  for  use  in  the  work,  but  not  to  itself  form  part 
of  any  of  the  tubes. 

The  remaining  bars  were  united  in  sets  of  three  each, 
making  the  number  of  coiled  sections  for  each  tube  as 
follows : 

Four  sections  of  5J"  x  6|"  bar. 
Two  sections  of  4"  x  4J"  bar. 
Three  sections  of  3|"  square  bar. 
Three  sections  of  3"  square  bar. 
These  twelve  sections  were  united  as  shown  in  the  mar- 
ginal sketch. 

In  consequence  of  the  length  and  weight  of  these  tubes 
very  considerable  alterations  had  to  be  made  to  the  plant; 
the  press-furnace  had  to  be  entirely  rebuilt,  new  cranes 
erected,  and  old  ones  strengthened;  new  welding  pots  and 
cheeses  were  also  cast;  but  the  different  processes  in  the 
fabrication  were  identical  with  those  heretofore  described 
in  the  reports  of  the  construction  of  other  coiled  tubes. 

The  welding  was  completed  on  the  22d  of  September, 
and  the  tubes  at  once  transferred  to  the  finishing  shop  to 
be  bored  and  turned. 

An  experimental  carriage,  very  similar  in  construction  to 
that  described  in  the  report  of  the  Chief  of  Ordnance  for 
1877,  pages  657-661  for  the  12.25-inch  muzzle-loading  rifle,  is  now  being 
fabricated  under  a  contract  with  C.  H.  Delamater  &  Co.,  of  New  York, 
for  the  first  of  the  four  12-inch  breech-loading  rifles  fabricated. '  Both 
top-carriage  and  chassis  are  to  be  of  wrought-iron,  and  box-built.  •  The 
plan  of  construction  is  briefly  as  follows : 


LJv 
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The  top-carriage  to  be  formed  of  two  cheek-pieces,  strongly  connected 
bj  bolts  and  transoms;  each  cheek  being  composed  of  two  plates  of 
rolled  iron  riveted  to  an  iron  frame,  and  further  strengthened  by  inside 
struts.  The  chassis  to  be  similarly  constructed,  except  that  a  top  and 
bottom  rail  with  a  shoe-plate  fastened  by  riyets  and  angle  irons,  are  to 
be  used  for  uniting  the  rail-plates,  instead  of  a  frame. 

The  general  arrangements  for  traversing,  elevating,  and  running  the 
gun  out  of  battery,  loading,  &c.,  are  indicated  on  the  plate.  The  recoil 
is  to  be  overcome  by  means  of  two  hydraulic  bufiers,  the  cylinders  of 
which  will  be  of  bronze,  and  be  attached  to  the  chassis  in  rear  of  the 
gun. 

It  has  been  customary  in  the  United  States  service  with  muzzle- 
loading  guns  to  place  the  cylinders,  both  hydraulic  and  pneumatic,  at 
the  front  end  of  the  chassis ;  but  in  this  case,  where  the  gun  is  to  be 
loaded  from  the  rear,  the  cylinders  are  so  disposed  as  to  admit  of  the 
placing  of  a  platform  on  the  chassis  in  rear  for  tiie  use  of  the  cannoneers 
in  loading.    ^ 

The  contract  for  this  carriage  was  entered  into  on  the  20th  of  July, 
1881,  and  the  work  of  fabrication  is  to  be  completed  within  eight  months 
fix>ni  that  date. 

A  very  solid  platform  of  masonry  and  concrete  has  been  laid  at  the 
Proving  Ground,  Sandy  Hook,  for  use  with  this  carriage  and  its  gun. 

The  total  estimated  weight  of  the  top-carriage  and  chassis  is  67,431 
pounds. 


APPENDIX  37g. 

PROGRESS  REPORT  OF  A  la-INCH  BREECH-LOADING  CHAMBERED  RIFLED 

•     HOWITZER, 

(One  plate.) 

PRELIMINARY  REMARKS. 

On  the  27th  of  December  last  a  contract  was  entered  into  with  the 
West  Point  foundry  to  convert  one  15-inch  smooth-bore  Bodman  gun  into 
a  12-inch  breech-loading  chambered  rifled  howitzer  on  the  plan  adopted 
in  the  case  of  the  8-inch  breech-loading  rifle  described  in  the  report  of 
the  Chief  of  Ordnance  for  1878.  The  terms  of  this  contract  require  the 
famishing  of  a  coiled  wrought-iron  tube  and  the  necessary  steel-parts 
which  are  to  equal  in  physical  qualities  the  tube  and  steel  used  in  the 
construction  of  the  8-inch  breech-loading  rifle,  as  well  as  an  equal  ex- 
cellence in  the  work  of  finishing,  fitting,  and  assembling  the  difierent 
parts. 

DESCRIPTION. 

Excepting  the  necessary  changes  in  the  dimensions  of  the  various 
parts  and  the  addition  of  the  muzzle- band,  the  description  of  the  howitzer 
does  not  differ  from  that  of  the  8-inch  breech-loading  rifle  referred  to, 
and  it  is  therefore  unnecessary  to  do  more  than  enumerate  the  princi- 
pal parts. 

Ist.  The  cast-iron  casing  formed  from  the  15-inch  smooth-bore  Bod- 
man gun  by  cutting  off  the  breech  and  muzzle  so  as  to  leave  a  length 
of  120  inches,  and  by  boring  to  the  requisite  diameters  to  receive  the 
tube  and  jacket. 

.  2d.  A  united  coiled  wrought-iron  tube  and  steel  jacket  inserted  into 
the  casing  from  the  rear,  the  former  with  a  play  and  the  latter  with  a 
shrinkage. 

3d.  The  steel  breech-block  and  parts  working  in  the  prolongation  of 
the  jacket  to  the  rear  of  the  casing. 

4th.  The  steel  breech  and  muzzle  bands. 

FABRICATION. 
THE   TUBE. 


The  tube  was  made  of  Ulster  tube-iron, 
were  tested  with  the  following  results: 


Specimens  of  the  iron  used 


Specimons. 


4"x8".85. 
Hexaj^onal  bar. . 
2".75  square  bar 
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Ponndt. 

47.500 
40,500 


Remarks. 


Qnality  for  rear  sections. 
Quality  for  front  sections. 
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The  tube  was  formed  of  four  coiled  sections,  butt- welded  together  in 
the  usnal  way,  with  addition  in  rear  of  a  short  carefully-forged  section, 
about  5  inches  long,  designed  to  contain  the  seat  for  the  gas  check. 

The  tube  was  then  bored,  chambered,  and  rough  turned,  and  sub- 
jected to  a  water  test  of  180  pounds  to  the  square  inch. 

THE  OASmCr.  . 

The  gun  selected  for  the  conversion  was  15-inch  muzzle-loading  Bod- 
man  gun,  No.  80,  manufactured  at  the  South  Boston  foundry  in  1865. 
It  was  placed  in  a  lathe  and  a  cut  first  made  through  the  chase  at  a 
distance  of  82.73  inches  from  the  axis  of  the  trunnions.  The  gun  was 
then  reversed  in  the  lathe  and  the  breech  cut  off  at  a  distance  of  37.27 
inches  from  the  same  axis.  Work  was  then  stopped  to  await  alterations 
to  the  lathe  in  which  the  casing  was  to  be  counterbored. 

THE  STEEL. 

The  steel  for  the  breech-receiver,  breech-block,  breech  and  muzzle 
collars,  was  obtained  from  Fiith  &  Sons,  of  England,  and  in  shapes  as 
shown  on  Plate  11. 

At  the  end  of  the  fiscal  year  the  breech-receiver  was  in  the  lathe 
boring. 

The  carriage  for  this  gun  is  shown  on  Plate  I.  It  is  of  wrought-iron, 
box-built,  of  generally  similar  construction  to  the  experimental  carriage 
for  the  12-inch  breech-loading  rifle,  described  under  the  progress  report 
on  the  fabrication  of  those  guns.  It  differs  firom  tlie  12-incb  rifle  car- 
riage in  the  apparatus  provided  for  traversing,  and  mnning  the  piece 
out  of  battery.    (See  plate.) 

The  chassis  is  a  center  pintle,  and  there  is  but  one  hydraulic  cylinder 
employed.  The  height  of  the  top-carriage  is  such  as  to  admit  of  a  max- 
imum angle  of  75^. 

The  contract  for  this  carriage  was  entered  into  with  0.  H.  Delamater 
&  Go.  on  the  same  date  as  that  for  the  12-inch  breech-loadiug  rifle  car- 
riage, and  the  time  allowed  for  its  completion  is  the  same. 

The  total  estimated  weight  of  the  top-carriage  and  chassis  is  32,246 
pounds. 


APPENDIX  37i. 

PROGRESS  REPORT  ON  "PLANT"  FOR  THE  FABRICATION  OF  19-INCH 
BREECH-LOADING  RIFLES  AT  THE  SOUTH  BOSTON  FOUNDRY. 

In  connection  with  the  contract  for  four  12-inch  breech-loading  cham- 
bered rifles,  two  contracts  were  made  with  the  South  Boston  Iron  Com- 
pany for  furnishing  the  necessary  plant  for  their  fabrication,  one  for 
**  permanent  plant,"  dated  October  14, 1880,  and  one  for  "  movable  plant," 
dated  October  19, 1880. 

The  contract  for  permanent  plant  requires  the  erection  at  the  South 
Boston  foundry  of  a  shop  building  and  foundations  of  masonry  therein 
for  two  lathes  of  n9t  less  than  80  feet  in  length,  and  the  laying  of  suita- 
ble tracks  for  a  traveling  crane,  and  the  trucks  required  for  moving  the 
guns;  and  also  the  erection  in  the  foundry-building  of  an  elevated  pool 
or  basin  for  use  in  casting.  The  latter  requirement  was  subsequently 
modified,  upon  the  application  of  the  South  Boston  Iron  Company,  so 
as  to  authorize  instead  the  remodeling  of  one  of  the  foundry  pits,  by 
increasing  its  depth  sufficiently  to  admit  of  the  castings  for  the  casings 
of  the  rifles  being  made  by  running  the  metal  directly  from  the  furnaces 
into  the  mold. 

The  contract  for  movable  plant  contains  the  following  requirements, 
viz :  That  one  large  gun  lathe  be  furnished  of  sufficient  capacity  to  turn 
and  bore  the  cast-iron  casings  for  the  12-inch  breech-loading  rifles, 
together  with  all  the  tools  and  appliances  required  for  its  proper  work- 
ing; that  such  alterations,  repairs,  and  additions  be  made  to  a  gun  lathe 
to  be  furnished  by  the  United  States  as  may  be  necessary  to  fit  it  for 
the  same  class  of  work  to  be  done  by  the  new  lathe;  that  a  traveling 
crane  be  furnished  with  a  power  to  lift  at  least  ten  tons ;  that  the  lathes, 
when  finished,  be  set  up  upon  the  foundations  erected  for  them  in  the 
shop  building  specified  in  the  contract  for  permanent  plant:  and  that 
the  crane  be  placed  in  position  upon  tracks  in  the  same  building. 

The  progress  made  towards  the  fulfillment  of  these  contracts  at  the 
present  date  (August  10, 1881)  is  as  follows : 

PERMANENT  PLANT. 

The  shop  building  has  been  finished  in  accordance  with  the  specifica- 
tions of  the  contract  and  the  foundations  for  the  lathes  completed.  The 
tracks  for  traveling  crane  and  trucks  are  being  laid. 

The  foundry-pit  has  been  sunk  to  a  depth  of  40  feet,  and  lined  with  a 
tank  of  boiler  iron.  To  finish  it  a  lining  of  brick  remains  to  be  laid  inside 
the  tank. 

MOVABLE  PLANT. 

AU  the  principal  parts  of  the  new  lathe,  and  the  most  of  those  re- 
quired for  the  extension  and  alteration  of  the  old  one,  have  been  cast, 
and  the  work  of  finishing  and  fitting  is  being  pushed  forward  as  rapidly 
as  practicable. 

The  traveling  crane  has  been  finished  in  accordance  with  the  specifi- 
cations of  the  contract. 
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APPENDIX  37*. 


REPORT  OF  RESULTS  OBTAINED  IN  THE  MECHANICAL  TESTS  OF  THE 
STEEL  USED  AT  THE  WEST  POINT  FOUNDRY  IN  THE  CONVERSION  OF 
SMOOTH-BORE  RODMAN  GUNS  INTO  BREECH-LOADING  RIFLES. 

On  the  Ist  and  27th  of  December  laat,  the  West  Point  foundry  en- 
tered into  contract  with  the  United  States  to  furnish  the  steel  pan« 
required  for  use  in  converting  five  lO-inch  smooth-bore  Bodman  guns 
into  8-inch  breech-loading  rifles;  two  15-inch  smooth-bore  Bodman 
guns  into  11-inch  breech-loading  rifles ;  and  one  15-iDch  smooth-bore 
Bodman  gun  into  a  12.inch  breech -loading  rifled  howitzer ;  and  it  was 
stipulated  that  all  these  various  sticel  pairts  should  equal  in  physical 
qualities  the  Whitworth  fluid-compressed  steel  employed  in  the  fabrica- 
tion of  8-inch  breech-loading  rifle  No.  1,  converted  at  the  South  Boston 
foundry. 

The  following  general  summary  was  obtained  by  taking  a  mean  of 
the  results  obtained  by  testing,  on  the  machine  of  the  ordnance  agency, 
two  specimens,  6  inches  long  between  shoulders  and  0.653  inch  in  diam- 
eter, taken  from  the  breech  receiver  of  this  rifle,  and  consequently  ex- 
liibits  the  standard  assumed : 

Specific  gravity .' 7.8526 

intimate  resistance  to  extension pounds..  83,500 

Elastic  limit pounds..  3S,500 

Extension  per  inch  at  rupture inch..    0.20516 

Hardness 16.^54 

Hardness  of  copper 5.000 

The  founders  ordered  this  steel  from  Thomas  Firth  &  Sons,  of  Shef- 
field, England,  from  whom  it  has  been  received  in  lots  as  finished.  The 
ingots  for  the  breech-receivers  for  the  8-inch  breech-loading  rifles  were 
tempered  in  oil  after  hammering,  but  the  manufacturers  declined  sub- 
jecting the  corresponding  ingots  for  the  11  and  12  inch.rifles  to  the  same 
process  in  consequence  of  their  bulk  and  the  irregularity  of  their  shapes. 
As  without  this  operation  of  oil  tempering,  however,  the  manufacturers 
would  not  undertake  to  reach  the  standard,  prescribed  for  the  tempered 
ingots,  specimens  were  taken  from  the  untempered  breech-block  (from 
the  same  manufacturer)  of  one  of  the  8-inch  breech-loading  rifles,  under 
process  of  construction  at  the  South  Boston  foundry,  which  were  tested 
at  the  Ordnance  Agency,  and  the  physical  properties  thus  determined 
accepted  as  sv  standard  for  the  untempered  ingots. 

The  following  results  were  obtained : 


Specimen. 


Firth's  8t«e1  taken  from 
breech  block  for  8-inch 
breoch-looding  cham- 
bered rifle 

Do 


Bo. 


In. 
7.00 
7.00 
7.00 

10.00 


I 

I 


In. 

0.651 
0.652 
0.652 

0.652 


! 

i 
I 


H  >» 


II 


■■l\ 


-,  O  0? 

H 


Lbs 
66,000 


Lb9. 
21, 000 


h 
o 

4 

§1 


In, 

0.2143 


•Sb 


70.  000  34, 000  0. 1475 


7. 8650*82, 440  23,  OOU 


62,000 


20,000 


0.2031 
0.2176 


8q,  in. 
0.333 
0.  33378 
0.3338 

0.3388 


S 
i 


0.180 

0.27618 

0.23758 

0.2697 


Character  of  firactore. 


Graonlar  and  flbrona. 

Ct^atalline. 

FibrooB  and  oixsfal* 

line. 
Light    gray    metallic 

luster  crystalline. 
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At  the  request  of  the  founders,  Messrs.  Firth  &  Sons  furnished  copies 
of  records  of  their  tests  for  determining  physical  properties,  as  well  as 
a  diagram  of  specimen  and  explanation  of  terms  used.  These  are  ap- 
pended to  this  rej)ort. 

The  specimens  tested  at  the  Ordnance  Agency  were  all  taken  longitud- 
inally from  the  pieces  removed  from  the  breech-receivers  to  form  the 
slot  for  the  breech-block. 

Copies  of  the  records  of  all  sx)ecimens  tested  are  herewith  attached. 

Beeults  of  teats  hy  tensile  strain  on  specimens  ctit  from  five  8^nck  jackets  supplied  to  Messrs. 
Paulding,  Kemhle  4r  Co.,  West  Point  foundry,  March  30,  1881. 

T^STS  FROM  JACKETS  BEFORE  OIL-TEMFESINO. 

Breaking  strain  per  square  inch: 

S.   Soft tons..  32.17 

L.  Tempered do...  46.34f 

H.  Tempered do...  46.91 

Elongation : 

S.   Soft inch..      .55^ 

L.  Tempered , do...      .39i 

H.  Tempered do...      .38 

• 

TESTS  FROM  JACKETS  AFTER  OIL-TBMPERIKG. 

Breaking  strain  per  sqnare  inch: 

O.  H tons.-  38.76J 

O.  H do...  43. 

O.  H.    .• do...  40. 

Elongation: 

O.  H 22* 

O.  H 25 

O.  H.    .• 20f 

« 

JResults  of  tests  Jyy  tenMle  strain  on  specimens  cut  from  five  Q-inch  slide-I>arSf  supplied  to  Messrs, 
Paulding,  Kemhle  j-  Co.,  West  Point  foundry,  March  30,  1881, 

TESTS  FROM  SUDE-BARS  BEFORE  OIL-TEMPERIKO. 

Breaking  strain  per  square  inch : 

S.  Soft tons..  34.68 

L.  Tempered do...  54.33^ 

H.  Tempered.* do...  51.97 

Elongation: 

8.  Soft inch..      .35| 

L.  Tempered ..^ do...      .19 

H.  Tempered do...      .19f 

TESTS  FROM  SLIDE-BARS  AFTER  OIL-TEMPERING.' 

Breaking  strain  per  square  inch: 

S.  Soft tons-  39.77J 

L.  Tempered do...  40.79 

H.  Tempered do...  40.04f 

Elongation: 

8.  Soft inch..      .23J 

L.  Tempered do...      .17f 

H.  Tempered ^...do...      .25 
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Be9ult8  of  te9t8  hy  tensile  strain  on  specimens  ont  from  ll-tnc^  jacket  and  ll-inch  slide-Jnir, 

supplied  to  Messrs.  Paulding,  Kemhle  j-  Co,,  April  7, 1881. 

TESTS   FROM   JACKET. 

Breaking  strain  per  square  inch: 

S.  Soft tons..  27.90 

L.  Tempered do...  42.07 

H.  Tempered do...  40.72 

Elongation: 

S.  Soft inch..       .55 

L.  Tempered do...       .40 

H.  Tempered do...       .42 

TESTS  FROM   SLIDE-BAR. 

Breaking  strain  per  square  inch: 

S.  Soft tons..  32.96 

L.  Tempered do...  51.86 

H.  Tempered do...  54.^ 

Elongation: 

8.  Soft inch..       .54 

L.  Tempered do...      .  16 

H.  Tempered do...       .22 

Reference  to  the  marJcs,  etc.j  shown  on  our  test  report. 

S.  Soft: 

Test  made  from  disc  cat  from  forging  previoas  to  its  being  tamed  or 
tempered  in  oil,  and  tested  in  the  soft  state. 

L.  Tempered: 

Test  made  from  disc  cut  from  forging  previous  to  its  being  turned  or 
tempered  in  oil,  and  turned  to  the  size  shown  on  diagram  (.658^^),  then 
tempered  in  oil  at  a  low  cherry-red  heatj  and  afterwsmls  turned  to  the 
proper  size  (.533^^)  and  tested. 

H.  Tempered: 

Same,  but  tempered  in  oil  at  a  high  cherry-red  heatj  and  afterwards 
turned  to  the  proper  size  (.533")  and  tested. 

O.  H.  Oil  tempered: 
•  •  Oil  tempered: 
•••    OU  tempered: 

Tests  made  from  disc  cut  from  forging  after  it  has  been  rough  finished, 
tempered  in  oil. 
The  dots  merely  denote  the  number  (1,  2,  and  3)  of  specimens  tested. 

KORFOLK  WoEKS,  Sheffield^  June  2,  1881. 
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DIAGRAM  OF  TESTING  PIECE  POR  TENSILE  STRAIN. 


[Full  lined  show  finished  sizes.    Dotted  lines  show  the  amount  left  on  the  specimen  previously  to  its 
being  tempered  or  hardened  in  oil.    The  strains  are  calculated  on  the  primary  sections.] 


WOOLWICH  STANDARD. 


Soft: 
Low 


High 

npei 
Loi 

High 


Tempered : 
)W  ... 


Tons  per  square 
inch  at— 

• 

•5 

1 

1 

11.5 

28.5 

up  to 
14.0 

up  to 
84.0 

20.0 

40.0 

up  to 
34.0 

up  to 
5&0 

f 


Elongation  in  a 
specimen  which 
has  the  breaking 
part  2"  long. 


Inch.' 

.20 
up  to 

.60 
or  anything  above. 

.05 

up  to 

.30 

or  anything  above. 


Diameter  of  testing  piece  .588"= area  .2281''  .2281"  X  4^= say 
1  square  incix. 


^ 


FULL  SIZB. 


L_i.__ 


Norfolk  Wobkb,  ShtfflOd,  June  2, 188L 
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Table  3. — Showing  the  inflaenoe  of  the  indentations  made  in  testing  for  hardness  upon  the 

speeifio  gravity  of  disks. 


s 
J 


1 

2 
1 
2 


2 
2 
4 
4 


7:9184 
7.8326 
7.8818 
7.8233 


-^1 


I 


0? 


7.9396 
7. 9315 
7.9122 
7. 9149 


17.999 
18.287 
17.  vBB 
17.585 


Bemarks. 


From  disks  cut  fhim  ends  of  specimens 
which  had  been  previously  tested  for  tensile 
strength. 


Table  3. — Results  of  tests  for  specific  gravity  and  hardness  in  the  case  of  8-inch  hreech- 

receiver  No,  5. 


1 

Specific  gravity 
of  half  speci- 
men. 

Specific  gravity 
of   disk    cut 
flrom  same  hidf 
specimen  after 
test  for  hard- 
ness. 

• 
OD 

w 

Bemarks. 

3 

4 

7.8979 

7.8586 

7.8865 
7.9031 

ia98i 

21.169 

18.98 
18.98 
16.23 

These  specimens  haA  been  tested  for  tensile  strength. 

Speeifio  gravity. 

.  5 
6 
7 

Mean.... 

7.8587 
7.9600 
7.8818 

These  disks  were  cat  from  the  same  block  as  the  fore- 
going and  the  specific  gravity  taken  before  indenta- 
tions were  made.    Inserted  in  records  of  specimens 
1, 2,  and  5,  Table  1. 

7.9002 

14.73 

With  the  exception  of  specimens  3  and  4  from  8-inch  breech-receiver  "So.  5,  which  were  6  inches  be- 
tween shoulders  (all  specimens  were  3  inches  between  shoulders).  Except  in  the  cases  contained  in 
Tables  2  and  3,  the  specific  gravities  were  obtained  from  disks  cut  from  the  ends  of  specimens  while 
being  turned,  and  which  were  subsequently  tested  for  hardness.  The  hardness  was  determined  by 
indentations  under  a  pressure  of  10,000  pounds,  as  practiced  by  M%Jor  Wade. 

Specimen  I. — Table  showing  the  extension,  restoration,  and  permanent  set  per  inch  in  length 
caused  by  the  undermentioned  weightSj  per  square  inch  of  section,  acting  on  a  solid  cylinder 
of  steel,  three  inches  long  (between  shoulders)  and  0.623  inch  diameter,  taken  from  breech- 
receiver  No,  1  for  8-inch  breech-loading  rifie. 


[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 

li 

.s 

1^ 

k 

rma- 
inch 

H 

per 
gth. 

u 

Permanent  set, 
inch  in  lengt 

H. 

Weight,  pe 
inch  of  s 

Extension, 
inlenj 

Successive 
sion,  per 
length. 

Bestorat 
inch  in  1 

Successive 
tion,  per 
length. 

Successive 
nent  set, 
in  length 

Paunda, 

Inefiss. 

Indus, 

Inches. 

Inehss. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

5,000 

.00033 

.00033 

. 00033 

.00033 

.00000 

.00000 

6,000 

.00083 

.00000 

.00033 

.00000 

.00000 

.00000 

7,000 

.00033 

.00000 

.00033 

.00000 

. 00000 

.00000 

8,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

9,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

11,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

12,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

13,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 
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Specimen  I. — Table  showing  the  extenaionj  reetaration,  and  permanent  eet,  j-e, — Continned. 


Weight,  per  square 
inch  or  section. 

xtension,  per  inch 
In  length. 

Qccossii^  exten- 
sion, per  inch  in 
length. 

estoration.  ppeir 
inoh  in  length. 

iiocessive  restora- 
tion, per  inoh  in 
length. 

ermanent  set,  per 
inoh  in  length. 

lit 

a  •  fl 

S  ®  a 

» 

GQ 

M 

CQ 

fii 

n 

Pounds. 

Inehei. 

Inehet. 

Inchet. 

Inches. 

Inches. 

Inches. 

14.000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

16,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00100 

.00033 

.00100 

.00033 

.00000 

.00000 

19,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

20,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

21,000 

.00133 

.00033 

. 00133 

.00033 

.00000 

.00000 

22,000 

. 00133 

.00000 

.00100 

—.00033 

.00033 

.00033 

23,000 

.00133 

.00000 

.00087 

->.000:» 

.00067 

.00034 

24.000 

.00167 

.00034 

.00100 

.00033 

.00067 

.00000 

25,000 

.00167 

.00000 

.00100 

.00000 

.00067 

.00000 

26,000 

.00200 

.00033 

.00133 

.00033 

.00067 

.00000 

27,000 

.00200 

.00000 

.00133 

.00000 

.00067 

.00000 

28,000 

.00200 

.00000 

.00133 

.00000 

.00067 

.00000 

20,000 

.00200 

.00000 

.  00100 

—.00033 

.00100 

.00033 

30,000 

.00200 

.00000 

.00100 

.00000 

.00100 

.00033 

31,000 

.00333 

.00133 

.00133 

.00038 

.00900 

.00100 

32,000 
33,000 

.00367 
.00367 

.00084 
.00000 

.00167 
.00167 

.00034 
.00000 

.00200 
.00200 

.00000 
.00000 

34.000 

.00367 

.00000 

.00183 

—.00034 

.00233 

.00033 

357000 

.00367 

.00000 

.00133 

.00000 

.00233 

.00000 

36,000 

.00400 

.  00033 

.00167 

.00034 

.00233 

.00000 

37,000 

.00400 

.00000 

.00167 

.00000 

.00233 

.00000 

88,000 

.00433 

.00033 

.00167 

.00000 

.00267 

.00034 

39,000 

.00467 

.00('84 

.00167 

.00000 

.00300 

.00033 

40,000 

.00567 

.00100 

.ooaoo 

.00033 

.00367 

.00067 

41,000 

.00600 

.00033 

.00233 

.00033 

.00367 

.00000 

42,000 

.00667 

.00067 

.00233 

.00000 

.00433 

.00006 

43,000 

.00733 

.00066 

.00233 

.00000 

.00500 

.00097 

44,000 

.00300 

.00067 

.00267 

.00034 

.00533 

.0003S 

45,000 

.00867 

.00067 

.00233 

—  .00034 

.00633 

.00100 

46.000 

.00900 

.00033 

.00200 

—  .00033 

.00700 

.00067 

47,000 

.00967 

.00067 

.00200 

.00000 

.00767 

.00067 

48,000 

.01067 

.00100 

.00233 

.00033 

.00833 

.00066 

49,000 

.01100 

.00033 

.00233 

.00000 

.00807 

.00034 

50,000 

.01283 

.00133 

.00233 

.00000 

.01000 

.00133 

51,000 

.01333 

.00100 

.00267 

.00034 

.01067 

.00067 

52,000 

.  01467 

.00184 

.00233 

—  .00034 

.01233 

.00160 

53,000 

.01600 

.00133 

.00300 

.00067 

.01800 

.00067 

54,000 

.01767 

.00167 

.00267 

—  .00033 

.01500 

.00200 

55,000 

.01867 

.00100 

.00267 

.00000 

.01600 

.00100 

56,000 

.01967 

.00100 

.00267 

.00000 

.01700 

.00100 

57,000 

.02067 

.00100 

.00267 

.00000 

.01800 

.00100 

58.000 

.02200 

.00133 

.00300 

.00033 

.01900 

.00100 

59,000 

.02333 

.00133 

.00333 

.00033 

.02000 

.00100 

60,000 

.02467 

.00134 

.00800 

—  .00033 

.02167 

.00167 

61.000 

.02633 

.00166 

.00300 

.00000 

.02333 

.00166 

62,000 

.02800 

.00167 

.00300 

.00000 

.02500 

.00167 

63,000 

.02933 

.00133 

.00333 

.00033 

.02600 

.00100 

64,000 

.03033 

.00100 

.00333 

.00000 

. 02700 

.00100 

65.000 

.03233 

.00200 

.00333 

.00000 

.02000 

.00200 

66.000 

.03500 

.00267 

.00367 

.00034 

.03133 

.00238 

67.000 

.03733 

.00233 

.00367 

.00000 

.03367 

.00234 

68,000 

.03933 

.00200 

.00400 

.00033 

.03533 

.00166 

60.000 

.04133 

.00200 

.00400 

.00000 

.03733 

.00300 

70.000 

.04367 

.00234 

.00367 

—  .  00033 

.04000 

.00267 

71,000 

.04567 

.00200 

.00367 

.00000 

.04200 

.00200 

72,000 

.04900 

.00338 

.00400 

.  00033 

.04500 

.00300 

73,000 

.05138 

.00233 

.00400 

.00000 

.04733 

.00238 

74.000 

.05567 

.00434 

.00433 

.00033 

.05133 

.00400 

75,000 

.06038 

.00466 

.00433 

.00000 

.05600 

.00467 

76,000 

.06433 

.00400 

.00433 

.00000 

.06000 

.00400 

77,000 

.06833 

.00400 

.00433 

.00000 

.06400 

.00400 

78,000 

.07500 

.00667 

.00500 

.00067 

.07000 

.00600 

79,000 

.08433 

.00933 

.00633 

.00133 

.07800 

.00800 

80,000 

.09000 

.00567 

.00467 

—  .00166 

.08533 

.00733 

81,000 

.10167 

.01167 

.00467 

.00060 

.09700 

.0U67 

82.000 

.11767 

.01600 

.00733 

.00266 

.11033 

.01333 

83.000 

.14833 

.03066 

0.00667 

—0.00066 

0.14167 

0.03134 

84,000 

0.24038 

0.09200 

(*) 

(*) 

(*) 

(*) 

*  Specimen  broke. 


REPORT   OF   THE   CHIEF    OF   ORDNANCE. 


449 


GENERAL  SUMMARY. 


Specific  gravity 7. 9184 

Tensile  strengih  per  square  inch lbs . .    84, 000 

Elastic  limit lbs..    22,000 

Extension  per  inch  at  elastic  limit  .inch . .  0. 00133 
Extension  per  inch  at  rapture inch. .  0. 24(^ 


Hardness 17.999 

Original  area  of  cross-section . .  sq .  inch . .      0. 3048 

Area  after  rapture sq.  inch..      0.1705 

Position  of  rapture t  f^om.  shoulder. 

Character  of  fracture Fine,  fibrous. 


Specimkn  II. — Table  shmoing  the  extenHon,  restoration,  and  permanent  set,  per  inch  in 
length f  caused  by  the  undermentioned  weights^  per  square  inch  of  sectioUf  acHng  on  a  solid 
cylinder  of  steel,  3  inches  long  (between  shoulders)  and  0.624  inch  diameter,  taken  from 
breex^ -receiver  No.  Ifor  S-inch  breech-loading  rifle. 


[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 


Pavndt. 
1,000 
2,000 
3,000 
4,000 
5,000 
«.000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26^000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
33,000 
38,000 
37,000 
38.000 
39,000 
40,000 
41,000 
42,000 
43.000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60.000 
51,000 
52,000 
53,000 
54,000 
66,000 
66.000 


Inches. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00083 
.00033 
.00033 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00133 
.00138 
.00167 
.00167 
.00167 
.00167 
.00167 
.00167 
.00167 
.00167 
.00167 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00300 
.00500 
.01167 
.01383 
.01467 
.01567 
.01733 
.01800 


If 

i. 

Is 

8| 

OS  o 

4 

H. 

*-— 

II- 

Permanent 
inch  in  U 

m 

Resto 
inch 

Sucoesi 
nenti 
in  leu 

Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.oonoo 

.00000 

.00000 

..00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.OoOOO 

.00083 

.00088 

.00088 

.00000 

.00000 

.00000 

.00038 

.00000 

.00000 

.00000 

.00000 

.00083 

.00000 

.00000 

.00000 

.00084 

.00067 

.00034 

.00000 

.00000 

.00000 

.00067 

.00000 

.00000 

.00000 

.00000 

.00067 

.00000 

.00000 

.00000 

.00000 

.00067 

.00000 

.00000 

.00000 

.00000 

.00067 

.00000 

.00000 

.00000 

.00000 

.00067 

.00000 

.00000 

.00000 

.00000 

.00067 

.00000 

.00000 

.00009 

.00000 

.00067 

.00000 

.00000 

.00000 
.00000 

.00083 

.00100 

.00088 

.06000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00000 

.00100 

.00000 

.00000 

.€0000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00088 

.00188 

.00033 

.00000 

.00000 

.00000 

.00133 

.00000 

.00000 

.00000 

.00034 

.00167 

.00084 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00000 

.00167 

.00000 

.00000 

.00000 

.00033 

.00200  ' 

.00033 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00000 

.00200 

.00000 

.00000 

.00000 

.00100 

.00167 

—.00033 

.00133 

.00133 

.00200 

.00200 

.00038 

.00300 

.00167 

.00667 

.00267 

.00067 

.00900 

.00600 

.00166 

.00267 

.00000 

.01067 

.00167 

.00134 

.00800 

.00033 

.01167 

.00100 

.00100 

.00300 

.00000 

.01287 

.00100 

.00166 

.00300 

.00000 

.01433 

.00166 

.00067 

.00300 

.00000 

.01600 

.00067 

29  OBD 
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Specimen  II. — Table  showing  the  extension,  rettoration,  ^e. — Continued. 


V 

«* 

^    mm 

u 

£-2 

«w 

c2 

r^ 

^  C3 

^2f 

as 

.  y 

•*  ^» 

^p« 

s  s 

*•■.« 

S  S 

z 

IS 

la 

mm  ^^ 

ta 

II 

>  s.  • 

III 

Ha 

^ 

'A 

« 

;^ 

X 

X 

P&unds. 

Jfidke*. 

Jneke$. 

Jndua. 

/ndbM. 

Indu$. 

57.000 

0.01833 

0.00033 

0.00300 

0.00000 

a  01533 

*      0.00033 

•'K.OOO 

.01900 

.00067 

.00267 

—.00033 

.01683 

.00100 

50,000 

.01967 

.00067 

.00900 

.00083 

.01697 

.00034 

00.000 

.02067 

.00100 

.00900 

.00000 

.01767 

.00100 

01,000 

■ 

62,000 

.02367 
.02000 

.00367 

.02009 
.02233 

03,000 

.00233 

.00307 

.00000 

.00233 

04,000 

.02700 

.00100 

.00333 

—.00034 

.02867 

.00134 

05.000 

.08833 

.00133 

.00400 

.00067 

.03433 

.00968 

00^000 

.09033 

.00200 

.00483 

.00033 

.02800 

.0016C7 

07.000 

.ooaoo 

.00367 

—w  00066 

.02867 

.00967 

68,000 

.03400 

.00107 

.00400 

.00033 

.03000 

.00133 

00,000 

.03583 

.00133 

.00409 

.00000 

.06133 

.00138 

70,000 

.03867 

.00334 

1          .00400 

.00000 

.03467 

.00334 

71,000 

.OUOO 

.00233 

,«       .00433        1 

.00033 

.03667 

.00200 

72,000 

.04700 

,        .00600 

1          .00433 

.00000 

.04267 

.00600 

73,000 

.00188 

1          .00433 

.00000 

.04400 

.00133 

74,000 

.05067 

.00234 

.00467 

.00084 

.04699 

.00900 

75,000 

.06207 

.00200 

.00467 

.00000 

.04800 

.00900 

76,000 

.06900 

.00988 

.00583 

.00060 

.06697 

.00887 

77,000 

.06367 

.00167 

.00567 

.00064 

.05800 

.00133 

78,000 

.06733 

.00367 

.00567 

.00000 

.06167 

.00867 

79,000 

.07300 

.00567 

.00467 

—.00100 

.06838 

.00866 

80,000 

.07967 

.00667 

.00683 

.00066 

.07438 

.ooaoo 

81,000 

.08867 

.00900 

.00500        , 

—.00033 

.06867 

.00«34 

82,000 

.00600 

.00733 

.00500        1 

.00000 

.09109 

.00733 

83,000 

.11588 

'        .01993 

0.00633        t 

0.00033 

O.UO0O 

a  01900 

84,000 

0.20733 

0.09200 

!            <*) 

(*) 

(*) 

(•) 

'  Specimen  broke. 

GENERAL  SITMMAKY. 

Specific  gravity 

l^neile  strength,  i>er  aqnare  inch pounds..        84,000 

Maetic  limit pounds..        49,000 

Extension  per  inch  st  elastic  limit inch..      0,00900 

Extension  per  inch  at  rupture inch..      0.20733 

Hardness 

Original  areaof  cross-section square  inch..        0.3058 

Area  after  rupture square  inch..        0. 1506 

Position  of  rupture \  tram  shoulder. 

Character  of  nacturo Fine  fibrous. 


Specimen  I. — Table-  showing  the  extension^  restoration,  and  permanent  set,  per  inch  in 
length,  caused  by  the  utulermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steel  3  inches  long  (between  shoulders)  and  0.623  inches  diameter,  taken  from 
breech-receiver  No,  2,  for  S-inch  breech-loading  rifle, 

[Furnished  by  Thomas  Firth  &.  Sons,  Norfolk  Works,  Sheffield,  England.] 


^i 

^ 
3 

if 

u 

3ja 

3 
^5 

a 

•^1 

a  to 

2a 

^  a 

9  ^ 

.*a— « 

s  ^ 

"S'^ 

0_T-^2 

r 

§1 

>  s  . 

Ck  o  s 

O.S3 

IS 

c>>  o  •^ 
GO 

1-9 

P4 

SJc£ 
do 

Pounds. 

Inches. 

• 

Inches, 

Inches. 

/n«AM. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00083 

1        .00033 

.00033 

.00033 

.00000 

.00000 

4,000 

.00033 

.00000 

00033 
00033 

.00000 

.00000 

.00000 

6,000 

.09033 

.00000 

.00000 

.00000 

.00000 
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Specimen  L— Table  shmoing  the  extensiaUf  restorationf . 

fc. — Continu 

ed. 

g 

■§ 

S-9 

1 

1^ 

s 

i-s 

i  S 

3 

^-^ 

^A 

*j 

|3 

1" 

xtensiou,  per 
in  length. 

M  o 

•1 

ill 

estoration, 
inch  in  lengt 

»  a 

ili 

§53,3. 

It 

i- 

S3 

it 

ucceseive    pe 
nent  set,  per 
in  length. 

W 

!» 

K 

M 

^ 

CO 

Pound*. 

Inehe». 

Inehet. 

InehM. 

Inehejt. 

Inchet. 

Inches. 

6,000 

0.00033 

0.00000 

0.00083 

0.00000 

0.00000 

0.00000 

7,000 

.00088 

.00000 

.00088 

.00000 

.00000 

.00000 

8,000 

.00033 

.00000 

.00093 

.00000 

.00000 

.00000 

9,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

11,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

12,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

13,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

14,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

1«,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

19,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

20,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

21,000 

.00100 

.00038 

.00100 

.00033 

.00000 

.00000 

22,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

23,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

24,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

25,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

26,000 

.00133 

.00033 

.00133 

.00033 

.00000 

.00000 

27,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

28,000 

.00133 

.00000 

.00138 

.00000 

.00000 

.00000 

29,000 

.00138 

.00000 

.00138 

.00000 

.00000 

.00000 

30,000 

.00138 

.00000 

.00183 

.00000 

.00000 

.00000 

31,000 

. 00133 

.00000 

.00133 

.00000 

.00000 

.00000 

32,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

33,000 

.00167 

.00084 

.00167 

.00034 

.00000 

.00000 

34,000 

.00200 

.00033 

.00133 

—  .00034 

.00067 

.00067 

35,000 

.00267 

.00067 

. 00167 

.00034 

.  00100 

.00033 

36,000 

.00300 

.00033 

.00200 

.00033 

. 00100 

.00000 

37,000 

.00333 

.00033 

.00167 

—  . 00033 

.00167 

.00067 

38,000 

.00500 

. 00167 

. 00167 

.00000 

.00333 

.00166 

39,000 

.00600 

.00100 

.00233 

.00066 

.00367 

.00034 

40,000 

.00600 

.00000 

.00200 

—  .00033 

.00400 

.00033 

41,000 

.00600 

.00000 

.00200 

.00000 

.00400 

.00000 

42,000 

.00667 

.00067 

.00200 

.00000 

.00467 

.00067 

43,000 

.00767 

.00100 

.00267 

.00067 

.00500 

.00033 

44,000 

.00800 

.00033 

.00200 

—  .00067 

.00600 

.00100 

45,000 

.01000 

.00200 

.  002.33 

.00033 

.  00767 

.00167 

46,000 

.01067 

.00067 

.00233 

.00000 

.00833 

.00066 

47,000 

.01133 

.00066 

.00267 

.00034 

.00867 

.00034 

48,000 

. 01200 

.00067 

.00267 

.00000 

.00933 

.00066 

49,000 

.01267 

.00067 

.00267 

.00000 

.01000 

.00067 

50,000 

.  01333 

.00066 

.00267 

.  00000 

.01067 

.00067 

51,000 

.01433 

.00100 

.00267 

.00000 

. 01107 

.00100 

52, 000 

.01567 

.00134 

.00267 

.00000 

.01300 

.00133 

53,000 

.01667 

.00100 

.00267 

.00000 

.  01400 

.  00100 

54,000 

. 01767 

.00100 

.00300 

. 00033 

.01467 

.00067 

55,  000 

.  01933 

.00166 

.  00300 

.00000 

.  016.33 

.  00166 

56,  000 

.02067 

.00134 

.  00300 

.00000 

.01767 

.00134 

57,  000 

.  02133 

.00066 

.00300 

.00000 

.01833 

.00066 

58,  000 

.02.300 

. 00167 

.  00333 

.00033 

. 01967 

.  00134 

50,000 

.  02467 

.00167 

.00333 

.00000 

.02133 

.00166 

60.000 

.  02000 

. 00133 

.00367 

.00034 

.  02233 

.00100 

61,000 

.  02967   • 

.  00367 

.00300 

—  .00067 

.02667 

.00434 

62,  000 

.03133 

.00166 

.00333 

.00033 

.02800 

. 00133 

63,000 

.03267 

.00134 

.00367 

'  .00034 

.  02900 

.00100 

01,000 

.03333 

.00066 

.00367 

. 00000 

.02967 

. 00067 

65, 000 

.03567 

.00234 

.00367 

.00000 

.0:J200 

. 00233 

66,000 

.03800 

.00233 

.00367 

.  00000 

. 0^433 

. 00233 

67,000 

. 04100 

.00300 

.00400 

.  00033 

. 0370O 

.00267 

68,000 

.04367 

.00267 

.00433 

.00033 

.03933 

.00233 

69, 000 

.04633 

.00266 

.00433 

.00000 

.04200 

.00267 

70,000 

.04867 

.00234 

.00400 

—  .00033 

.04467 

.00267 

71,000 

.05133 

.00266 

.00467 

.00067 

•  .04667 

.00200 

72,000 

.Odim 

.00400 

.00433 

—  .  00034 

.05100 

.00433 

73,000 

.05033 

.00400 

.00467 

.00034 

.05467 

.00367 

74,000 

.06467 

.00534 

.00433 

—  .00034 

.0603? 

.00566 

75,000 

.07000 

.00533 

.00433 

.00000 

.06567 

.00534 

76,000 

.07633 

.00633 

.00500 

.00067 

.07133 

.00506 

77,000 

.08400 

.00767 

.00467 

—  .00033 

.07600 

.00467 

78,000 

.09433 

.01033 

.00467 

.00000 

.08967 

.01367 
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Specimen*  I. — Table  showing  the  exteiMioti,  reatoratUmf  fc. — Continued. 


es    • 
^  S 

OB  4J 

ft 


s 


c:5 


a 


.a 

—  • 
(4 


6  S  fl 
GO 


p.  • 

ft 


79,000 
80,000 
81«000 
82,000 


Ineh€». 

0.10467 
.12967 
.15400 

0.24583 


Ineket. 

Inehet. 

iXrMMwv* 

IneheM. 

Indte$. 

0.01034 

0.00S00 

0.00083 

0.09967 

a  01000 

.01000 

.00633 

.00188 

.U783 

.01706 

.03033 

0.00538 

,    —0.00100 

0.14867 

0.03184 

0.09133 

(•) 

(*) 

(*) 

r) 

*  Specimon  broke. 

OEVERAL  SUMMARY. 

Speciflo  ffravity 

Tonaile  strength,  per  square  inch pounds..       82,000 

BlMtic  limit pounds..       84,000 

Extension,  per  inch,  st  elsstic  limit inch. .      0.  OO90O 

Extension,  per  inch,  at  rupture inch..      0.MS88 

Hardness 

Original  area  of  cross  section sq:nareinoh..       0.8048 

Area  after  rupture square  inch..       0.1534 

Position  of  rupture j  ftom  ahmilder. 

Character  of  nacture flbroua,  slightly  orystalUied. 

Spbcimkn  II. — TdbU  showing  the  eztensiam,  resioraHon^  amd  pernumaU  set.  per  imck  in 
length,  caused  bf  the  undermemiioned  weigl^,  per  square  inch  of  seoUon,  aetmg  on  a  solid 
cylinder  of  steel  Z  inches  long  {between  shonlaers)  and  0.Q24  inohes  diameter ,  tdkem  from 
Sreech^eoeirer  No.  fi,for  8  inch  breedi^loadimg  rifle. 

[Furnished  by  Thomas  Firth  Si  Sons,  Norfolk  Works,  Sheffield,  England.] 


Pounds. 

1,000 

2,000 

4,000 

4,000 

5,000 

«,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12.000 

18,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29.000 

80.000 


Indus. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00083 
.00088 
.00088 
.00038 
.00067 
•  00067 
.00100 
.00188 
.00183 
.00133 
.00183 
.00133 
.00133 
.00133 
.00133 
.00133 
.00133 
.00133 
.00138 
.00133 
.00167 
.00167 
.00167 


Inehss. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00083 
.00000 
.00006 
.00000 
.00000 
.00034 
.00000 
.00033 
.00083 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000 


Si 

ia 


Indkss. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00088 
.00088 
.00088 
.00088 
.00067 
.00067 
.00100 
.00183 
.00188 
.00188 
.00183 
.00183 
.00133 
.00183 
.00133 
.00133 
.00138 
.00138 
T00133 
.00133 
.00167 
.00167 
.00197 


Inehss. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00000 
.00000 
.00000 
.00000 
.00084 
.00000 
.00033 
.00083 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000 


Inehss. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000-^ 
.00000 
.00000 
.00000 


00000 
00000 


00000 


0. 60000 
.00000 
.90000 


00000 
60000 


00000 
00000 


00000 
00000 
00000 
00000 
00000 
00000 


00000 
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Specimen  I. — TahU  showing  the  extension,  resiorationf  ^c, — Continued. 


•a-s 

•.a 


8 


Pinmds, 
31,000 
32,000 
33,000 
84,000 
35,000 
30.000 
37,000 
38.000 
30,000 
40,000 
41.000 
42,000 
43,000 
44,000 
40,000 
40,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
50,000 
57,000 
58,000 
50,000 
00,000 
61,000 
02,000 
63,000 
64,000 
65,000 
66^000 
•7.000 
68,000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
88  000 


a  9 


I 


a 


Inches. 
0.00167 
.00167 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00288 
.00288 
.00288 


.00288 
.00867 
.00600 
.00883 

.01000 
.01388 
.01467 
.01567 
.01700 
.01800 
.01068 
.02088 
.02200 
.02800 
.02400 
.02567 
.02700 
.02800 
.08000 
.08167 
.08400 
.03567 


.04100 
.04400 
.04667 
.04967 
.05800 
.05600 
.06000 
.06483 
.06000 
.07488 
.08188 
.08883 
.09867 
.11200 
.18183 
0.21700 


5^ 


Inches, 

0.00000 

.00000 

.00083 
.00000 
.00000 
.00000 

.00000 
.00000 
.00000 
.00000 
.00038 
.00000 
.00000 
.00000 
.00000 
.00184 
.00238 
.00288 
.00167 
.00888 
.00184 
.00100 
.00188 
.00100 
.00183 
.00100 
.00167 
.00100 
.00100 
.00167 
.00188 
.00100 
.00200 
.00167 
.00238 
.00167 
.00260 
.00267 
.00800 
.00267 
.00800 
.00833 
.00800 
.00400 
.00488 
.00467 
.00688 
.00700 
.00700 
.01064 
.01888 
.01988 
0.06667 


03 


InAss, 
0.00167 
.00167 
.00200 
.00200 
.00200 
.00200 
.00800 
.00200 
.00200 
.00200 
.00888 
.00288 
.00200 
.00200 
.00167 
.002 
.00188 
.00200 
.00167 
.00200 
.00267 
.00267 
.00800 


.00600 
.00600 
.00800 
.00888 
.00800 
.00800 
.00838 
.00800 
.00888 
.00838 
.00833 
.00688 
.00888 
.00867 
.00667 
.00867 
.00400 
.00488 
.00400 
.00400 
.00483 
.00438 
.00600 
.00467 
.00467 
.00467 
.00600 
0.00500 
(•) 


Inches. 

0.00000 

.00000 

.00088 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00000 

-  .00068 
.00000 

-.00088 
.00088 

-  .00067 
.00067 

-.00088 
.00088 
.00067 
.00000 
.00088 

-  .00067 
.00067 
.00000 
.00000 
.00083 

-.00083 
.00000 
.00088 

-.00038 
.00038 
.00000 
.00000 
.00000 
.00000 
.00084 
.00000 
.00000 
.00033 
.00083 

-  .00088 
.00000 
.00068 
.00000 
.00067 

-.00063 

.00000 

.00000 

.00088 

0.00000 

(*) 


§.a 


Inches, 

0.00000 

.00000 

.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00088 
.00067 
.00167 
.00467 
.00688 
.00888 
.01188 
.01200 
.01800 
.01400 
.01567 
.01688 
.01738 
.01900 
.01067 
.02100 
.02967 
.02867 
.02500 
.02667 
.02838 
.08067 
.09288 
.03600 
.08733 
.04038 
.04800 
.04567 
.04867 
.05200 
.06600 
.06000 
.06467 


.07667 
.08867 
.09400 
.10700 
0.12683 
(*) 


Indies, 
0.00000 
.00000 
.00000 
.00000 
.00000 

.ooooa 

.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00038 
.00000 
.00034 
.00100 
.00300 
.00166 
.00200 
.00800 
.00067 
.00100 
.00100 
.00167 
.00066 
.00100 
.00167 
.00067 
.00138 
.00167 
.00100 
.00188 
.00167 
.00166 
.00234 
.00166 
.00267 
.00283 
.00800 
.00267 
.0026T 
.00800 
.0088a 
.00400 
.00400 
.00467 
.9046e 
.00784 
.00700 
.01083 
.01800 
0.01933 
(*) 


^Speolmen  broke. 


GENXBAL  SUMMABY. 

Speciilo  RMTity 7.8326 

Tensile  ttreDgUi,  per  aqaue  inoli poonde..      8:),  000 

XUbUo  limit pounds..      48,000 

Extension,  per  inch,  St  elnsticliniit inoh..    0.OOS38 

XxtfSnsion, per  inch, st  mptore inch..    0.21700 

Hardness 1&987 

Originnl  area  of  cross-section square  inch..     0.8058 

Area  after  mptore square  inch..      0.1604 

Position  of  rnptnie |from  shonkler. 

Character  of  fracture flue  flbrous. 
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Spkcimkx  I. — TabU  showing  th6  extetision,  reatoratian,  and  permanent  set,  per  inch  in  length 
caused  bg  the  undermentioned  weightHyper  square  inch  of  section^  acting  on  a  solid  cylinder 
of  steel  3  inches  long  (between  shoulders)  and  0.622  inch  diameter j  taken  from  breech- 
receiver  Xo.  3,  for  S-inch  breech-loading  rifle. 

[Furnished  by  Thoma«  Firth  &,  Sons,  Norfolk  Works,  Sheffield,  England.] 


inch 

1 

If 

^. 

nna- 
inch 

H 

■§5 

II 

fltc 

O  P 

ta 

ta 

S  5 

^1 

§  p 

11 

lit 

H 

QQ 

M 

00 

Pi 

£ 

Founds. 

Inches. 

Inehes. 

Inehss. 

Inehss. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000  / 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00000 

.00000  . 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-^,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

6,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

7,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

«,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

0,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

10,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

11,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

12,000 

.00000 

1   .00000 

.00000 

.00000 

.00000 

.00000 

13,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

14,000 

.00000 

.00000 

.00000 

i    .00000 

1    .00000 

.00000 

15,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

ie.000 

.00000 

.00000 

.00000 

.ObOOO 

.00000 

.00000 

17,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

IS.  000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

19.000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

20.000 

.00083 

.00083 

.00083 

.00038 

.00000 

.60000 

21,000 

.00033 

.00000 

.00038 

.00000 

.00000 

.00000 

22,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

23,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

24.000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

25,000 

.00100 

.00033 

.00100 

.00083 

.00000 

.00000 

26,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

27,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

28,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

29,000 

.00183 

.00033 

.00133 

.00033 

.00000 

.00000 

30,000 

.00183 

.00000 

.00138 

.00000 

.00000 

.00600 

31,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

32,000 

.00183 

.00000 

.00138 

.00000 

.00000 

.00000 

33,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

34,000 

.00133 

.00000 

.00183 

.00000 

.00000 

.00000 

35,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

36,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

37,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

38,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

39,000  • 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

40,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

41,000 

.00167 

.00034 

.00167 

.00034 

.00000 

.00000 

42,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00600 

43.000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

44,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

45,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

46,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

47,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

48,000 

.00267 

.00100 

.00200 

.00033  ' 

.00067 

.00067 

49.000 

.00433 

.00166 

.00200 

.00900 

.00233 

.00166 

60,000 

.00633 

.00200 

.00167 

—  .00033 

.00467 

.00234 

51.000 

.  01333 

.00700 

.00233 

.00066 

.01100 

.00683 

62,000 

.01467 

.00134 

.00267 

.00034 

.01200 

.00100 

53,000 

.  01533 

.00066 

.00267 

.00000 

.01267 

.00067 

54,000 

.01667 

.00134 

.00300 

.00033 

.01367 

.00100 

65,000 

.01733 

.00066 

.00800 

.00000 

.01433 

.06666 

56,000 

.01800 

.00067 

.00287 

—  .00083 

.01588 

.00160 

67,000 

.01900 

.00100 

.00267 

.00000   i 

.01683 

.60100 

58,000 

.02067 

.00167 

.00300 

.00033   ' 

.Olt67 

.00134 

69,000   1 

.022:{3 

.00166 

.00300 

.00000   ' 

.01968 

.60106 

60,000 

.02367 

.00134 

.00300 

.00000 

.02067 

.00184 

61,000 

.02667 

.00200 

.00867 

.00067 

.  02200 

.60138 

62,000 

.02767 

.00200 

.00267 

-  .00100 

.08800 

.OMOv 

63,000 

.02900 

.00133 

.00800 

.00083 

.02000 

.60M0 

64,000 

.03067 

.00167 

.00888 

.00033 

.02788 

.00U8 

65,000 

.03167 

.00100 

.00883 

.00000 

.02883 

.00160 

66,000 

.03333 

.00166 

.00833 

.00000 

.08000 

.00167 

67,000 

0.03567   1 

0.00234 

0.00400 

a00067 

a  03167 

6.00167 
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Specimen  I. — Table  shoioing  th^  extenHon,  restoration,  ^o. — Continuod. 


a 

•0^ 

if 

^. 

:   11 

2-1 

H 

•a 

II 

B 

1   H. 

H 

1^^ 
It 

2.S 

at 

IP 

S  §  a 

» 

03 

P4 

OS 

f^ 

a& 

PoutuU. 

IneKet. 

Inches. 

Inchet. 

Ineheg. 

Inches. 

Inches. 

68,000 

0.03800 

0.00283 

0.00883 

—0.00067 

0.08467 

0.00300 

69,000 

.04033 

.00288 

.00333 

.00000 

.06700 

.0023:^ 

70,000 

.04883 

.00300 

.00400 

.00067 

.03983 

.0023:{ 

71,000 

.04400 

.00267 

.00433 

.00088 

.04167 

.00284 

72.000 

.04883 

.00283 

.00838 

—  .00100 

.04500 

.00883 

73,000 

.05167 

.00334 

.00800 

—  .00038 

.04807 

.00367 

74,000 

.05467 

.00800 

.00400 

.00100 

.05067 

.00200 

75,000 

.05867 

.00400 

.00400 

.00000 

.06467 

.00400 

76,000 

.06283  ■ 

.00866 

.00367 

—  .00088 

.06867 

.00400 

77,000 

.06667 

.00434 

.00438 

.00066 

.00883 

.00866 

78,000 

.07367 

.60700 

.00466 

—  .00088 

.00967 

.00784 

79,000 

.07900 

.60533 

.00667 

.00167 

.07883 

.60366 

80,000  . 

.08600 

.00700 

.00433 

—  .00134 

.06167 

.00884 

]?1,000 

.09933 

.00733 

.00500 

.00007 

.08883 

.00666 

82,000 

.10683 

.01800 

.00500 

.60000 

.10183 

.01300 

83,000 

.11967 

.01834 

.00500 

.00000 

.11467 

.01334 

84,000 

.15700 

.03733 

0.02333 

0.01883 

0.13867 

0.01900 

83,000 

0.23383 

0.07633 

(*) 

(*) 

(*) 

(*) 

*  *  Specimen  broke. 

GENERAL  SUMMARY. 

Specific  gravity 

Tensile  strength,  per  square  inch pounds..       85,000 

Elastic  limit pounds..       48,000 

Extension,  per  inch,  at  elastic  limit inch..      0.00267 

Extension,  per  inch,  at  rupture inch..      0.28838 

Hardness 

Orii^nal  area  of  cross-section square  inch..      0.3038 

Area  after  rupture , square  inch..      0.1518 

Position  of  rupture '. , about  middle. 

Character  of  fracture fine  fibrous. 

Specimen  II. — Table  ahowing  th^  extension,  restoration,  and  permanent  set,  per  inch  in 
length,  caused  by  the  undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steel  3  inches  long  (between  shoulders)  and  0.622  inch  diameter,  taken  from 
breech-receiver  2fo,  3,  for  8-inch  breech-loading  rifle, 

[Fumishe<l  by  Thomas  Firth  Sc  Sons,  Norfolk  Works,  Sheffield,  England.] 


-I 


it 


^9 


Pounds. 

1,000 

2,000 

3,00<J 

4,000 

5,000 

6.000 

7.000 

8.000 

9,000 

10,000 

11,000 

12.000 

13,000 

14,000 

15,000 


Inches. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


•.a 

«  hi 


'S  ® 


s. 


Inches. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


o,d 
(4 


Indies. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


1 


§11 


0 

00 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


i 

«  a 


Inches. 

0.00000 
.00000 
.06000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
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Table  2. — Showing  the  infl»e»ee  of  the  indentatioiu  made  in  teetingfor  hardnesi  upon  the 

specifio  gravity  of  dieke. 


3 
I 


1 

2 

1 
2 


2 
2 
4 
4 


7.9184 
7.8326 
7. 8818 
7.8233 


7. 9396 
7.9315 
7.9122 
7. 9149 


17.999 
18.287 
17.999 
17.586 


Bemarks. 


From  disks  cut  from  ends  of  specimens 
which  had  been  previously  tested  for  tensile 
strength. 


Table  3.- 


'BesulU  of  teets  for  specific  gravity  and  hardneaa  in  the  case  of  Q-inch  breech- 
receiver  No.  5. 


i 

Specific  gravity 
of  half  speci- 
men. 

Specific  gravity 
of   disk    cut 
firom  same  half 
specimen  after 
test  for  hard- 
ness. 

00 

1 
Kemarks. 

3 

4 

7.8979 
7.8586 

7.8865 
7.9031 

18.981 
21.169 

18.98 
18.98 
16.23 

These  specimens  haA  been  tested  for  tensile  strength. 

Specifio  gravity. 

.  5 
6 
7 

Mean.... 

7.8587 
7.9600 
7.8818 

These  disks  were  cot  ftrom  the  same  block  as  the  fore- 
going and  the  specific  gravity  taken  before  indenta- 
tions were  made.    Inserted  in  records  of  specimens 
1,2,  and  5,  Table  1. 

7.9002 

14.73 

With  the  exception  of  specimens  3  and  4  from  8-inoh  breech-receiver  No.  5,  which  were  6  inches  be* 
tween  shoulders  (all  specimens  were  3  inches  between  shonlders).  Except  in  the  oasvs  contained  in 
Tables  2  and  3,  the  specific  gravities  were  obtained  from  disks  cut  from  the  ends  of  specimens  while 
being  turned,  and  which  were  subsequently  tested  for  hardness.  The  hardness  was  determined  by 
indentations  under  a  pressure  of  10,000  pounds,  as  practiced  by  Ms^or  Wade. 

Specimen  I. — Table  showing  the  extensionj  restoration^  and  permanent  set  per  inch  in  length 
caused  by  the  undermentioned  tveightSf  per  square  inch  of  section,  acting  on  a  solid  cylinder 
of  steely  three  inches  long  (beitoeen  shoulders)  and  0.623  inch  diameter f  taken  from  breech- 
reoeiverNo.  \for  S-inch  breech-loading  rifie, 

[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Shefileld,  England.] 


nsion,  per  inch 
in  length. 

essive     exten> 
n,  per  inch  in 

Lgth. 

toration,  per 
oh  in  lengtii. 

essive  restora- 
n,  per  inch  in 
lgth. 

lanent  set,  per 
oh  in  length. 

v 

^ 
H 

l-si 

%a 

151 

S^ 

» 

£ 

M 

(» 

Pk 

^ 

Pounds, 

Inches, 

Iiuihet. 

Inekes. 

Inches, 

Inthee. 

Inches, 

1,000 

0.000U0 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

5,000 

.00033 

.00038 

.00033 

.00038 

.00000 

.oouoo 

6,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

7,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

8,000 

.00033 

.00000 

.00083 

.00000 

.00000 

.00000 

9;  000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10.000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

11,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

12,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

13»000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 
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Specimen  I. — Table  showing  the  extension,  restoration,  and  permanent  set,  j-e. — Continaed. 


§, 

^  § 

a 

ten- 
h  in 

I. 

It 

ii 

-1 
1" 

§1 

la 

Is 

Srft 
«>  o  fl 

OJA 

■»*  2 

OD  d 

la 

Z  a  »D 

%a 

i§5 

» 

GC 

P4 

m 

Ph 

OD 

Pounds. 

Inches, 

Inches. 

Inches. 

Inches. 

Inches. 

Inches, 

14.000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

16,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00100 

.00083 

.00100 

.00033 

.00000 

.00000 

19,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

20,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

21,000 

.00133 

.00033 

.  00133 

.00033 

.00000 

.00000 

22,000 

.  00133 

.00000 

. 00100 

—.00038 

.00033 

.00033 

23,000 

.00133 

.  00000 

.00067 

—  000:^3 

.00067 

.00034 

24,000 

.00167 

.00034 

.00100 

.00033 

.00067 

.00000 

25,000 

.00167 

.00000 

.00100 

.00000 

.00067 

.00000 

2A,000 

.00200 

.00033 

.00183 

.00033 

.00067 

.00000 

27.000 

.00200 

.00000 

.00133 

.00000 

.00067 

.00000 

28,000 

.00200 

.00000 

.00133 

.00000 

.00067 

.00000 

29,000 

.00200 

.00000 

.  00100 

—.00033 

.00100 

.00033 

30.000 

.00200 

.00000 

.00100 

.00000 

.00100 

.00033 

31,000 

.00333 

.00133 

.00133 

.00033 

.00200 

.00100 

32,000 
33,000 

.00367 
.00367 

.00084 
.00000 

.00167 
.00167 

.00034 
.00000 

.00200 
.00200 

.00000 
.00000 

34.000 

soTooo 

.00367 

.00000 

.00133 

—.00034 

.00233 

.00033 

.00367 

.00000 

.00133 

.00000 

.00233 

.00000 

36,000 

.00400 

.00033 

.00167 

.00034 

.00233 

.00000 

37,000 

.00400 

.00000 

.00167 

.00000 

.00233 

.00000 

38,000 

.00433 

.00033 

.00167 

.00000 

.00267 

.00034 

80.000 

.00467 

.00034 

.00167 

.00000 

.00300 

.00033 

40,000 

.00567 

.00100 

.00300 

.00033 

.00.367 

.0«067 

41.000 

.00600 

.00033 

.00233 

.  00033 

.00367 

.00000 

42,000 

.00667 

.00067 

.00233 

.00000 

.00483 

.00066 

43.000 

.00733 

.00066 

.00238 

.00000 

.00500 

.00067 

44,000 

.00300 

.00067 

.00267 

.00034 

.00533 

.00038 

45,000 

.00867 

.00067 

.00233 

—  .00034 

.00633 

.00100 

46.000 

.00900 

.00033 

.00200 

—  .00033 

.00700 

.00067 

47,000 

.00967 

.00067 

.00200 

.00000 

.00767 

.00067 

48,000 

.01067 

.  00100 

.00233 

.00033 

.00833 

.00066 

49.000 

.01100 

.00033 

.00233 

.00000 

.00867 

.00034 

50,000 

.01283 

.00133 

.00233 

.00000 

.01000 

.00133 

51,000 

.01333 

.00100 

.00267 

.00034 

.01067 

.00067 

52,000 

.  01467 

.00184 

.00233 

—  .00034 

.01233 

.00166 

53,000 

.01600 

.00138 

.00300 

.00067 

.01800 

.00067 

54,000 

.01767 

.00167 

.00267 

—  .00033 

.01500 

.00200 

55,000 

.01867 

.00100 

.00267 

.00000 

.01600 

.00100 

56.000 

.  01967 

.00100 

.00267 

.00000 

.01700 

.00100 

57,000 

.02067 

.  00100 

.00267   ' 

.00000 

.01800 

.00100 

58,000 

.02200 

.00133 

.00300 

.00033 

.01900 

.00100 

50,000 

.02333 

.00133 

.00333 

.00033 

.02000 

.00100 

60,000 

.02467 

.00134 

.00300 

—  .00033 

.02167 

.00167 

61,000 

.02633 

.00166 

.  00300 

.00000 

.02333 

.00166 

62,000 

.02800 

.00167 

.00300 

.00000 

.02500 

.00167 

63.000 

.02933 

.00133 

.00333 

.00033 

.02600 

.00100 

64,000 

.03033 

.00100 

.00333 

.00000 

.02700 

.00100 

65.000 

.03233 

.00200 

.00333 

.00000 

.02900 

.00200 

66,000 

.03500 

.00267 

.00367 

.00034 

.03133 

.00238 

67,000 

.03733 

.00233 

.00367 

.00000 

.03367 

.00234 

68,000 

.03933 

.00200 

.00400 

.00033 

.03533 

.00166 

69,000 

.04133 

.00200 

.00400 

.00000 

.03733 

.00200 

70,000 

.04367 

.00234 

.00367 

—  .00033 

.04000 

.00267 

71,000 

.01567 

.00200 

.00367 

.00000 

.04200 

.00200 

72.000 

.04900 

.00333 

.00400 

.00033 

.04500 

.00300 

73,000 

.  05133 

.00233 

.00400 

.00000 

.04733 

.00238 

74,000 

.05567 

.00434 

.00433 

.00033 

.  05133 

.00400 

75,000 

.06033 

.00466 

.00433 

.00000 

.05600 

.00467 

76, 000 

.06433 

.00400 

.00433 

.00000 

.06000 

.00400 

77,000 

.06833 

.00400 

.00433 

.00000 

.06490 

.00400 

78,000 

. 07500 

.00667 

.00500 

.00067 

.07000 

.00600 

79,000 

.08433 

.00933 

.00633 

.00133 

.07800 

.00800 

80,000 

.09000 

.00567 

.00467 

—  .00166 

.08538 

.00733 

81,000 

.10167 

.01167 

.00467 

.00090 

.09700 

.01167 

82.000 

.11767 

.01600 

.00733 

.00266 

.11033 

.01838 

83.000 

.14833 

.03066 

0.00667 

—0.00066 

0.14167 

0.03134 

84,000 

0.24033 

0.09200 

(*) 

(*) 

(*) 

(•) 

*  Specimen  broke. 


REPORT  OF  THE   CHIEF    OF   OBDN'ANCE. 


GENERAL  SDUMARY. 


^"e^^o/  gj^jf  '*"  UHdermentioned  aeigkU,  per  iqitare  iiicA  o/  lection,  acting  on  a  » 
'^''»lv    *'"^'*  ^"^  (bataeen  ihoulden)  and  0.624  inch  dianuler,  lakm  J 
'~~--^.._  "■  I  for  S-ntdi  breeck-loading  rifie. 

3    -       ~~     -^'"•'•lied  by  Tbom*.  Plrth  *  Soiw,  Iforfolk  Work*.  Sheffield,  Englud] 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE, 


Specimen  II. — Table  sliomng  the  extensionj  restorationy  fc, — Contlhned. 


3  § 

.a 

i.a 

1 
5 

rnia 
inch 

^1 

H 

J?  a 

'1 

Is 

i    H. 

-r  O 

0 

llj 

is 

O  9 

la 
It 

Iff 

Weight 
inch 

s.a 

V  c  fl 
'    2'S.2 

log 

«$  Ss 

H 

1   «3 

P4 

X 

p^ 

cc 

Poundi. 

Inches. 

Inchet. 

Inehet. 

Inehea. 

Tneh»9, 

Inchts. 

57,000 

0. 01833 

0.00038 

0.00300 

0.00000 

0.01533 

0.00033 

5S,000 

.01900 

.00067 

.00267 

—.00033 

.01633 

.00100 

59,000 

.01967 

.00067 

.00800 

.00038 

.01667  . 

.00084 

60,000 

.02007 

.00100 

.00300 

.00000 

.01767 

.00100 

61,000 
62,000 
63,000 

1 

.02367 
.02000 

.00367 
.00367 

.02000 
.02283 

.00233 

.00000 

.00233 

64,000 

.02700 

.00100 

.00338 

—  00034 

.02867 

.00134 

65,000 

.02833 

.00133 

.00400 

.00087 

.02433 

.00006 

66,000 

.03033 

.00200 

.00488 

.00033 

.02600 

.00107 

67,000 

.03283 

.00200 

.00367 

—.00066 

.02867 

.00907 

68,000 

.03400 

.00167 

.00400 

.00038 

.03000 

.00133 

69^000 

.03588 

.00133 

.00400 

.00000 

.08138 

.00133 

70,000 

.03867 

.00334 

.00400 

.00000 

.03467 

.00334 

71,000 

.04100 

.00233 

•   .00433 

.00033 

.03667 

.00200 

72,000 

.04700 

.00600 

.00433 

.00000 

.04267 

.00600 

73,000 

.04833 

.00188 

.00438 

.00000 

.04400 

.00133 

74,000 

.05067 

.00234 

.00467 

.00084 

.04600 

.00300 

75,000 

..06267 

.00200 

.00467 

.00000 

.04800 

.00300 

76,000 

.06200 

.00988 

.00588 

.00066 

.05007 

.00867 

77,000 

.06867 

.00167 

.00567 

.00084 

.06800 

.00133 

78,000 

.06733 

.00367 

.00667 

.00000 

.00167 

.00067 

79,000 

.07800 

.00567 

.00467 

—.00100 

.06833 

.00666 

80,000 

.07967 

.00667 

.00588 

.00006 

.07488 

.00600 

81,000 

.08867 

.00900 

.00500 

—.00038 

.08867 

.00034 

82,000 

.09600 

.00783 

.00500 

.00000 

.09100 

.00733 

83,000 

.11588 

.01983 

0.00533 

0.00038 

0.11000 

0.01900 

84,000 

1 

0.20783 

0.00200 

(*) 

(♦) 

1 

(*) 

"  specimen  broke. 

GENERAL  SUMMARY. 

Specific  gravity 

Tensile  strength,  per  aqnare  inch poands . .        84, 000 

Elastic  limit pounds..        49,000 

Extenision  per  inch  at  elastic  limit inch..      0,00300 

Extension  per  inch  at  rupture ^ inch . .      0. 30733 

Hardness 

Original  area  of  cross-section square  inch..        0.3058 

Area  after  rupture square  inch . .        0. 1506 

Position  of  rupture • i  from  shoulder. 

Character  of  fracture Fine  fibrous. 

Specimen  I. — TahU-  showing  the  extemionj  restoration,  and  permanent  set,  per  inch  in 
lengthy  caused  by  the  undermentioned  weights^  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steel  3  inohes  long  (between  shoulders)  and  0.623  inches  diameter,  taken  from 
breechr-rcceiver  No,  2,  for  S-inch  breech'loading  rifle, 

[Fumislied  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  Enghmd.] 


i§ 

inch 

i-9 

2 

% 

^•9 

u 

^a 

a"  "Si 

2. a 

eS  a 

Weight,  pc 
inch  of  e 

V  o  a 

ee  a 
9^ 

>  %  . 
von 

§.a 

5  *  a 

(A 

Poui%dt. 

InchM. 

• 

Incheg, 

Inches. 

Inches. 

Inches, 

Inches. 

1,000 

0.00000 

O-OOOpO 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00033 

.00033 

.00033 

.00033 

.00000 

.00000 

4,000 

.00033 

.00000 

00033 

.00000 

.00000 

.00000 

6,000 

.00033 

.00000 

90033 

.00000 

.00000 

.00000 
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Spkcimen  I. — : 

Table  Bhmoing  the  exfension,  restoraHon^  ^c. — Continued. 

=  i 

1 

i-3 

K 

I. 

is 

ion,  per 
length. 

ration, 
in  leugt 

la 

n 

live    pe 
set,  per 
igth. 

Weigh! 
inch 

,eato 
inch 

accea 
tion, 
lengt 

hi 

» 

GO 

M 

3Q 

^ 

cc 

Pounds. 

Ineheg. 

Inehu. 

Inehet. 

Inchen, 

Inehei. 

Inches. 

6,000 

0.00033 

0.00000 

0.00033 

0.00000 

0.00000 

0.00000 

7,000 

.0OOS8 

.00000 

.00038 

.00000 

.00000 

.00000 

8,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

9,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

11,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

12,000 

.00067 

.00034 

.00087 

.00034 

.00000 

.00000 

13,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

14,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

16,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

19,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

20.000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

21,000 

.00100 

.00038 

.00100 

.00033 

.00000 

.00000 

22,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

23,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

24,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

25,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

26,000 

.00133 

.00033 

.00133 

.00033 

.00000 

.00000 

27,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

28.000 

.00138 

.00000 

.00183 

.00000 

.00000 

.00000 

29,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

30,000 

.00183 

.00000 

.00133 

.00000 

.00000 

.00000 

31,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

32,000 

.00133 

.00000 

.  00133 

.00000 

.00000 

.00000 

33,000 

.00167 

.00034 

.00167 

.00034 

.00000 

.00000 

34,000 

.00200 

.00033 

.00133 

—  .00034 

.00067 

.00067 

35,000 

.00267 

.00067 

.00167 

.00034 

. 00100 

.00033 

36,000 

.00300 

.00038 

.00200 

.00033 

. 00100 

.00000 

37,000 

.00333 

.00033 

.00167 

—  .00033 

.00167 

.00067 

38.000 

.00500 

.00167 

. 00167        .  00000 

.  oo:»3 

.00166 

39,000 

.00600 

.00100 

.  00233        . 00066 

.00367 

.00034 

40,000 

.00600 

.00000 

.  00200     —  . 00033 

.00400 

.00033 

41,000 

.00600 

.00000 

.00200 

.00000 

.00400 

.00000 

42,000 

.00667 

.00067 

.00200 

.00000 

.00467 

.00067 

43, 000 

.00767 

.00100 

.00267 

.00067 

.00500 

.00033 

44,000 

.00800 

.00033 

.00200 

—  .00067 

.00600 

.00100 

45,000 

.01000 

.00200 

. 00233 

.00033 

.00767 

.00167 

46,000 

.01067 

.00067 

.00233 

.00000 

.00H33 

.00066 

47,000 

.  01133 

.00066 

.00267 

.00034 

.00867 

.00034 

48,000 

.01200 

.00067 

.00267 

.00000 

. 00933 

.00066 

49,000 

.01267 

.00067 

.00267 

.00000 

. 01000 

.00067 

50,000 

.01333 

.00066 

. 00267 

.00000 

.  01007 

.00067 

51,  000 

.01433 

.00100 

.00267 

.00000 

.  01167 

.00100 

52,000 

.01567 

.WIM 

.00267 

.00000 

.  01300 

.00133 

53,000 

.01667 

.00100 

.00267 

.00000 

.  01400 

.00100 

54,000 

. 01767 

.00100 

.00300 

.00033 

.01467 

.  00067 

55,  000       .  01933 

.00166 

.  00300        .  00000 

.  016r« 

.00166 

56.  000       .  02007 

.00134 

.00300 

.  00000 

.01767 

.  00134 

57, 000    !    .  02133 

. 00066 

.00300 

.00000 

.01833 

.00066 

58, 000    1    .  02300 

.  00167 

.00333 

.  00033 

.01967 

.  00134 

59.  000       .  02467 

. 00167 

.00333 

.00000 

.  02i:« 

.00166 

60,000 

.02600 

.  00133 

.00367 

.  00034 

. 02233 

.00100 

61,000 

. 02967 

.  oo:j67 

.00300 

—  .00067 

. 02607 

.  00434 

62,  UOO 

.03133 

.00166 

.00333 

. 00033 

.  02800 

. 00133 

63,000 

.  03207 

.00134 

.00367 

•  .00034 

.  02900 

. 00100 

64,000 

.03333 

.00066 

.00367 

.  00000 

.  02967 

. 00067 

65,000 

.03507 

.00234 

.00367 

.00000 

.a'J200 

. 00233 

66,000 

.03800 

.00233 

. 00367 

.00000 

.03433 

.  00233 

67,000 

. 01100 

.00300 

.00400 

.00033 

.03700 

.00267 

68.000 

.04367 

.  00267 

.00433 

.00033 

.0:}933 

.00233 

69,000 

.04633 

.00266 

.00433 

.00000 

.04200 

.00267 

70,000 

.04867 

.00234 

.00400 

.-  .00033 

.04467 

.00267 

71,000 

.05133 

.00266 

.00467 

.00067 

■  .04667 

.00200 

72,000 

.05533 

.00400 

.00433 

.-  .00034 

.05100 

.00433 

73,000 

.06933 

.00400 

.00467 

.00034 

.05467 

.00367 

74,000 

.06467 

.00534 

.00433 

-..00034 

.06033 

.00566 

75,000 

.07000 

.00533 

.00433 

.00000 

.06567 

.00534 

76,000 

.07633 

.00633 

.00500 

.00067 

.07133 

.00506 

77,000 

.08400 

.00767 

.00467 

^  .00033 

.07600 

.00467 

78,000 

.09433 

.01033 

.00467 

.00000 

.08867 

.01367 

452 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Specimen  I.—-: 

1, 

.•g 

2^ 

It 

•  Q 

0^ 

■»-   '^ 

•s 

S^ 

•5  a 

if 

Ee" 

Tad?€  showing  the  extension j  restoratUm,  fc. — Contiuued. 


«  2 


t 


.s 

®  S 

•^  0 

«  ii 

*i— 

23 

i  a  *& 

^•S 

ill 

00 

S-9 

ft 


00 


^  . 

S  a 

^^ 

%  a 

«•- 

Pi 


I 

S    M    * 

oSa 
a  M-* 

GO 


PorincU. 

Inches. 

InckM. 

JndkM. 

Indiss. 

IntihM. 

InAes, 

79,000 

1      0. 10467 

0.01034 

0.00500 

0.00033 

0.09967 

0.01000 

80,000 

.12367 

.01900 

.00633 

.00138 

.11783 

.01766 

81,000 

.15400 

.03033 

0.00538 

-0. 00100 

0.14867 

0.03134 

82,000 

0.24533 

0.00133 

1 
1 

(*) 

(*) 

(*) 

<*) 

*  Specimen  broke. 

GENEBAL  SUMMABY. 

Specific  sravity 

Tensile  strength,  per  square  inch pounds..       82,000 

Elastic  limit pounds..        34,000 

Extension,  per  inch,  at  elastic  limit inch . .      Oi  00900 

Extension,  per  inch,  at  rapture ...inoh..      a 94533 

Hardness 

Original  area  of  cross-section sqnarelnoh..       0.3048 

Area  after  rupture square  inch..       0.1584 

Position  of  rupture i  from  shoulder. 

Character  of  nacture flbrons,  dightly  orystaUiaed. 

Spbcihen  II. — Table  showing  ike  extension,  rwt^rotioji,  and  permanent  set.  per  inch  in 
length,  caused  i«  the  undermentioned  weighis,  per  square  inek  of  seotion^  aetmg  on  a  eoUd 
cyUnder  of  steel  Z  inches  long  {between  shouiaersS  and  0.6S4  imohes  diameter,  iakem  from 
hrsech-reot^er  No,  2,  for  Sinik  breech-loading  r\fU, 

[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 


1^ 


Pounds. 
1,000 
2,000 
4,000 
4,000 
£,000 

e,ooo 

7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25.000 
26,000 
27,000 
28,000 
29,000 
30.000 


Inehss. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00033 
.00088 
.00088 
.00038 
.00067 
.00067 
.00100 
.00133 
.00183 
.00133 
.00183 
.00133 
.00133 
.00133 
.00133 
.00133 
.00133 
.00133 
.00133 
.001.33 
.00167 
.00167 
.00167 


Inehss. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00000 
.00000 
.00000 
.00000 
.00084 
.00000 
.00083 
.00033 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000 


of 

si 


Inehss. 

0.00000 
.00000 

.00000 
.00000 
.00000 
.00000 

.00088 
.00088 
.00088 
.00088 
.00038 
.00067 
.00067 
.00100 
.00183 
.00138 
.00183 
.00133 
.00183 
.00133 
.00133 
.00133 
.00133 
.00133 
.00138 

rooi33 

.00133 
.00167 
.00167 
.00167 


Indtss. 

0.00000 

.00000 

.00000 
.00000 
.00000 

.00000 
.00088 
.00000 

.00000 
.00000 
.00000 
.00034 
.00000 
.00033 
.00083 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000 


Inehss, 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000^ 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


0.00000 
.00000 
.00000 
.00000 


00000 


.00000 
.00000 
.00000 

.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


00000 

00000 


.00060 

.00000 
.00000 
.00000 
.00000 


JS^ 


t^^ 


ctii^^ 


o^ 


.o^^ 


t,\^^ 


•4?' 


cten«*^' 
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tar<«' 


lUf^ 


.^dbU 


^ 


:2i^ 


ooi?L 


63,000 
68. 

e»t 

70, 
71 
7^ 
7», 

Viooo 

7ft.  000 
77 


'1 

*00^ 

*oo^ 

'00000 

'ooooo 

'ooooo 
"ooooo 


■ooa?o 


oo^ 


Ol6?L 

'oi'ioo 

0180^ 
Ot^ 

*o?sa 

"iaaoo 
'«^ 

•.02(T0O 


ooi»Jl 
oovoo 

'ooi«a 

'00100 

'001^ 
'  00100 

0015, 

00100 
'.00^^ 

.oois» 


1 


000 

000 

000 

000 

000 

oSSl 

000 
000 
'OQO 
000 
000 


•.04fl?L 


7S, 

79, 


00 


000 
000 


ooq 


.??^ 


■^^ 


00800 

'oow 

O0B% 

0^00 

.0^ 


oSS 

OOBfi 
008?, 

004^ 
004^ 

"00400 

'ooife 

004^ 
".OOBOO 

004*2, 

■oS*L 
ooSo 


"oSogi 

''SS^ 
'o5o^ 


•.00^ 


i< 


'  o^ 


--''•I^ 


.tffc^to^*' 


BOIPI**'' 


,«'V'V::^«L% 


^^t/^.- 


C^tftf^ 


/ 
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Spbcimex  I. — Table  ahomng  iht  extensioHj  restoration,  <f-c. — Continued. 


t 

5^ 

h 

i. 

1      1 

5-1 

il 

2§ 

1         '^^ 
1      <D  ^ 

1! 

OB  O 

!! 

1     '^• 
1    lit 

n 

S  0 

H 

ia1« 
eg  '^ 

(A 

9  «4 

CO 

Pound*. 

InOtea. 

InehM. 

InehsB. 

JndkM. 

Inehst. 

1  Incket. 

68,000 

0.08800 

0.00283 

0.00833 

—0.00067 

0.03467 

1   0.00300 

09,000 

.04038 

.00233 

.00333 

.00000 

.06700 

.00233 

70.000 

.04383 

.00300 

.00400 

.00067 

.09983 

.00283 

71.000 

.04600 

.00267 

.00433 

.00088 

.04167 

.00284 

72,000 

.04883 

.00233 

.00388 

—  .60100 

.04600 

.00383 

73,000 

.06167 

.00334 

.00800 

—  .00038 

.04807 

.00387 

74,000 

.06467 

.00300 

.00400 

.00100 

.05067 

.00300 

75,000 

.05867 

.00400 

.00400 

.00000 

.a5467 

.00460 

76.000 

.06283  . 

.00866 

.00367 

—  .00088 

.06867 

.00400 

77,000 

.06667 

.00484 

.00433 

.00066 

.06283 

.00366 

78,060 

.07867 

.60700 

.00406 

~. 66088 

.06967 

.00784 

79,060 

.07900 

.60533   I 

.00667 

.00167 

.67883 

.66366 

80,060  . 

.08600 

.00700 

.00433 

—  .00134 

.08167 

.60834 

etl,660 

.09333 

.00738 

.00500 

.00067 

.06883 

.  00666 

82,660 

.16683 

.01800 

.00600 

.06600 

.10183 

.61300 

83,000 

.11967 

.01834 

.00500 

.00000 

.11467 

. 01334 

84,000 

.15700 

.03733 

0.02333 

0.01883 

0.13867 

0.61900 

85,000 

1 

0.23383 

0.07633   ' 

1 

(*) 

(*) 

(*) 

(*) 

*  *  Specimen  broke. 

GENERAL  SUMMARY. 

Specific  {gravity 

xensUe strength,  perequare inch poonda..       85,000 

Elastio  limit pounds..       48,000 

!Bxteneion,  perinoli,  at  elasticlimit inch..      0.00267 

Bxteneion,  per  inch,  at  rapture inch..      0.23338 

Hardness 

Original  are«  of  oroas-section Mqnareinch..      0.8038 

Area  after  mptnre , aqnareinoh..      0.1513 

Position  of  rupture '. abont  middle. 

Character  of  fracture fineflbroua. 

Specimen  II. — Table  showing  ths  extension,  restoration,  and  permanent  set,  per  inch  in 
length,  caused  by  ih^  undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steel  3  inches  long  (between  shoulders)  and  0.622  inch  diameter,  taken  from 
hreech-reoeiver  Xo.  3,  for  H-inoh  breech-loading  rifle. 

[Funii8he<l  by  Thomas  Firth  6c  Sons,  Norfolk  Works,  Sheffield,  England.] 


£ 


Pounds. 

1.000 

2,000 

3,000 

4,000 

5,000 

6,000 

7.000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 


I 

«  a 
H 


Inehet. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 

.oooou 
.ooooo 
.ooooo 


Inehet. 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.06000 
.00000 
.00000 
.00000 
.60000 
.00000 
.00000 


®  9 
2-9 

oD  q 
©-a 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00600 
.00006 
.00000 


4-S 

00  V 


II 

00 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


I. 

Z  a 

S3 
Sid 

!■§ 

P4 


Inehes. 

0.00000 

.00000 

.06000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 


Inehes. 

0.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
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Specimen  II. — Table  shoioing  the  exlemion^  restorationj  ^c. — Continned. 


Poundi. 

ie,ooo 

17,000 
18,000 
19,000 
20,000 
21,000 
22.000 
28,000 
24,000 
25,000 
98,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
38,000 
84,000 
35,000 
30,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
40,000 
47,000 
48,000 
49.000 
50,000 
51,000 
52,000 
58,000 
54,000 
55,000 
50,000 
57,000 
58,000 
50,000 
00,000 
61,000 
62,000 
68,000 
04,000 
65^000 
08,000 
87,000 
68,000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75^000 
76,000 
77,000 
78.000 
79,000 
80.000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 


.a 

It 


Inehst. 

0.00000 

.00000 

.00100 
.00100 
.00100 
.00100 
.00100 

.ooiod 

.00188 
.00138 
.00188 
.00188 
.00188 
.00188 
.00188 
.00167 
.00167 
.00167 
.00167 
.00167 
.00167 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00288 
.00283 
.00238 
.00283 
.00883 
.00500 
.00767 
.00900 
.01200 
.01467 
.01600 
.01733 
.01867 
.01967 
.02067 
.02188 
.02267 
.02367 
.02533 
.02667 
.02767 
.02983 
.08087 
.08267 
.06488 
.08788 
.08900 
.04200 
.04867 
.04883 
.04907 
.06200 
.05600 
.05068 
.06433 
.06800 
.07887 
.07967 
.08700 
.09867 
.10867 
.12438 
.14867 
0.25400 


InehM. 

0.00000 
.00000 
.00100 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00000 
.00000 
.00000 
.00000 
.00000 
.00093 
.00000 
.00000 
.00000 
.00100 
.00167 
.00267 
.00133 
.00300 
.00267 
.00133 
.00133 
.00134 
.00100 
.00100 
.  00066 
.00134 
.00100 
.00167 
.00134 
.00100 
.00166 
.00184 
.00200 
.00166 
.00300 
.00167 
.00300 
.00167 
.00288 
.00884 
.00288 
.00800 
.00488 
.00500 
.00867 
.00667 
.00800 
.00788 
.00967 
.01200 
.01568 
.02484 

a  10633 


®  9 

is 


Inehst. 

0.00000 
.00000 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00188 
.00188 
.00183 
.00188 
.00188 
.00188 
.00188 
.00167 
.00167 
.00167 
.00167 
.00167 
.00167 
.00200 
.00200 
.00200 
.00200 
.00200 
.00200 
.00238 
.00238 
.00283 
.00288 
.00283 
.00288 
.00383 
.00238 
.00283 
.00267 
.00267 
.00800 
.00300 
.00800 
.00333 
.00800 
.00838 
.00300 
.00338 
.00888 
.00838 
.00838 
.00838 


.00867 
.00367 
.00400 
.00400 
.00867 
.00400 
.00488 
.00400 
.00483 
.00467 
.00500 
.00467 
.00467 
.00467 
.00600 
.00638 
.00688 
.00638 
0.00888 
(*) 


Jnehet. 
0.00000 

.00000 

.00100 

.00000 

.00000 

.00000 

.00000 

.00000 

.00088 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00034 

.00000 

.00000 

.00000 

.00000 

.00000  ^ 

.00033 

.00000 

.00000 

.00000 

.00000 

.00000 

.00038 

.00000 

.00000 

.00000 

.00000 

.00000 

.00100 

-  .00100 
.00000 
.00034 
.00000 
.00083 
.00000 
.00000 
.60083 

-  .00083 
.00038 

-.00083 
.00038 
.00000 
.00000 
.00000 
.00000 
.00000 
.00064 
.00000 
.00088 
.00000 

-  .00088 
.00088 
.00033 

-.00083 
.00068 
.00084 
.00068 

-.00088 
•00000 

.0008ft 


it 


u 

Pi 


Inehst. 
0.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00100 

.00267 

.00483 

.00667 

.00967 

.01200 

.01338 

.01438 

.01567 

.01667 

.01788 

.01888 

.01933 

.02067 

.02200 

.02888 

.02483 

.02600 

.08788 

.02988 

.08067 

.08897 

.08600 

.08800 

.04000 

.04288 

.04638 

.04800 

.OflW 


Inehst. 

aooooo 

00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
OOOtt 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00060 

ooooo 

00000 

00100 

00167 

00166 

00234 

00800 

00233 

00133 

00100 

00134 

OOIOO 

00068 

00100 

OOIOO 

00134- 

00133 

00183 

WW> 

00167 

00183 

0020O 

00184 

0080O 

00183 

ooaoo 

OOIOO 
00283 


00267 
00267 

m 

0^ 


*  Specimen  broke. 
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GENERAL  SUMMAET. 

Specific  gravity 

TenBile  nrengQi,  per  square  inch poonda..       86,000 

Elastic  limit pounds..        47,000 

Extension,  per  inch,  at  elastic  limit inch..      0.00333 

Extension,  per  inoh,  at  rupture inch..      0.25400 

Hardness 

Original  area  of  oroes-section ^uareinch..      0.3088 

Area  after  rupture square  inch..      0.1534 

Position  of  rupture ^ about  1  inch  from  upper  shoulder 

Character  of  fracture fine  fibrous 


SPECIMEN  I. — Table  showing  the  exteMion,  reatorationf  and  permanent  wty  per  wP^  *')* 
lemfihf  oansed  hv  the  undermeniianed  wHghU,  per  eqnart  inch  of  eeoHon,  acHng  on  a  solid 
eifUndHar  qf  steel  3  inches  long  {between  the  sh&iuders)  and  0.622  inches  diameter  j  taken  from 
breech^eceiver  No.  4,  for  Q-imch  breedk-loading  rifle. 

[Furnished  by  Thomas  Firth  A  Sons,  Norfolk  Works,  Sheffield,  England.] 
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Specimen  broke. 


GENERAL  SUMMARY. 

Speciflo  gravity i 7.8818 

Tensfle  strength,  per  square  inch pounds . .      85, 000 

Elastic  limit w pounds..      45,000 

Extension,  per  inch,  at  elastic  limit inch..    6.60200 

Extension,  per  inch,  at  rupture inch..    0. 24900 

Hardness .• 17.999 

Original  area  of  cross-section sqnareln<^..    0.8633 

Area  after  rupture square  inch..    0.1647 

Position  of  rupture i  from  shoulder. 

Character  of  nucture fibrous;  slightly  crystallized;  bright. 
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Spkcimes  11.*— Tabic  ehoicing  the  extension,  resiorationj  and  permanent  est  per  inch,  in 
lentfth,  caused  by  the  UHdernientioned  weights,  per  square  inch  of  section,  acting  of|  a  solid 
cylinder  of  steel,  3  inches  long  (between  shoulders)  and  0.620  inches  diameter,  taken  from 
breech-receiver  JVb^  4,  for  S-inch  breech -loading  rifle. 

[Famished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 
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Specimen  I. — Table  showing  the  extension j  restoration,  ^o. — Continued. 
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—  .00088 

.oi4er 

.00184 

49,000 

.01788 

.00066 

.00800 

.00000 

.01688 

.00066 

50,000 

.01900 

.00167 

.00380 

.00088 

.01087 

.00184 

51,000 

.02100 

.00300 

.00288 

.00000 

.01867 

.00300 

52,000 

.02800 

.00300 

.00368 

.00084 

.03088 

.00166 

53,000 

.03467 

.00167 

.00367 

.OOOOQ 

.08167 

.00184 

^,000 

.02588 

.00066 

.00887 

—  .00084 

.03800 

.00188 

55.000 

.03607 

.00184 

.00388 

.00000 

.03488 

.00188 

56,000 

.02988 

.00306 

.00868 

.00084 

.03667 

.00384 

57,000 

.08167 

.00384 

.00367 

.00000 

.03800 

.00067 

56,000 

.08400 

.00388 

.00367 

.00000 

.08188 

.00888 

50,000 

.08700 

.00800 

.00887 

.00067 

.08867 

.00384 

00,000 

•06068 

.00288 

.00808 

—  .00088 

.08688 

.00366 

61,000 

.04188 

.00300 

.  .00800 

.00000 

.08888 

.00300 

62,000 

.04488 

.00900 

.00800 

.00000 

.04188 

.00800 

63,000 

.04800 

.00807 

.00867 

.00067 

.04488 

.00800 

64,000 

.06167 

.00867 

.00888 

—  .00084 

lUIRS 

,00400 

65,000 

.06600 

.00488 

.00888 

.00000 

.06367 

.00484 

66.000 

.06188 

.00588 

.00888 

.00000 

.06600 

.00683 

67,000 

.06600 

.00688 

.00800 

—  .00088 

.06800 

.00600 

68,000 

.07467 

.00667 

.00807 

.00067 

.onoo 

.00800 

69,000 

.07088 

.00406 

.00807 

.00000 

.07388 

.00188 

70,000 

.06063 

.01000 

.00400 

.00088  . 

.06688 

.01800 

71,000 

.10067 

.01134 

.00867 

—  .00088  ^ 

.00700 

.01167 

72,000 

.11867 

.01300 

.00488 

.00066 

.10988 

.01383 

73,000 

.18400 

.03088 

0.00407 

—0.00088 

0.18000 

.0.03067 

74,000 

a25488 

0.12088 

(*) 

(•) 

(•) 

(*) 

'  specimen  broke. 

GENERAL  SUMMARY. 

Specific  navitv  (mean  of  three  results) 7.9003 

Tensile  strength,  per  sqnare  inch  ..« pounds..       74,000 

Elasticlimit pounds..       40,000 

Extension,  perinch,  at  elastic  limit inch....     0.00800 

Extension,  perinch,  atrupture inch 0.25483 

Hardness  (mean  of  three  results) 14. 73 

Original  area  of  cross-section sqnareinch 0.8038 

Area  after  raptnre sqnareinch 0.1723 

Position  of  roptarp •• • |  from  shonldei; 

Character  of  ftactnre fine  fibrous. 
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Specimen  II. — Table  shotving  the  extenMaUy  reaioraiionf  and  permaiient  set,  p^r  fncA  tn- 
lengthj  caused  hy  the  under-meyitwned  weiahts,  per  square  inc%  of  sectionf  acting  on  a  solid 
cylinder  of  steel  3  inches  long  {between  shoulders)  and  0.62*2  inches  diameteTf  taken  from 
breech-receiver  JVb.  5,  for  8-inch  breecK-loading  rifle, 

[Furnished  by  Thomas  Firth  &.  Sons,  Norfolk  Works,  Sheffieht,  Engl&nd.] 


Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
0,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12,000 
18,000 
14,000 
15,000 
18,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,  000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
5:J,  000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62.000 
63,000 
64,000 
65,000 
66,000 
67,000 


Inches, 
0.00000 
.00000 
.00000 
.00060 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00088 
.00088 
.00033 
.00088 
.00088 
.00088 
.00067 
.00067 
.00067 
.00067 
.OOOffT 
.00067 
.00067 
.00067 
.00067 
.00067 
.00133 
.00133 
.00133 
.00133 
.  00133 
.00138 
.00138 
.00133 
.00133 
.00133 
.00138 
.00167 
.00200 
.00300 
.00467 
.00667 
.01300 
.01500 
.01633 
.01767 
.01900 
.02000 
.  021.33 
.  02300 
.  02467 
.  0263*3 
.02800 
.03000 
.03200 
.03433 
.03700 
.03967 
.04167 
.04533 
.04867 
.05200 
.05600 
.06067 
.06567 
.07267 


In^us. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00088 
.00000 
.00000 
.00000 
.00000 
iOOOOO 
.00000 
.00034 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00006 
.00000 
.00000 
.00000 
.00000 

•  .00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00084 
.00033 
.00100 
.00167 
.00200 
.00633 
. 00200 

. uoias 

.00134 
.  00133 
. 00100 
.00183 
.00107 
.  00167 
.00166 
.00167 
.00200 
.00200 
. 00233 
. 00267 
.00267 
.00200 
.00366 
.00384 
.00333 
.00400 
.00467 
.00500 
.00700 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00006 
.00000 
.00000 
.00088 
.00068 
.00033 
.00088 
.00083 
.00033 
.00033 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00067 
.00183 
.00183 
.00138 
.00133 
.  00133 
.00133 
.00133 
.00133 
.00183 
.00183 
.00133 
.00167 
.00133 
.00133 
.00167 
.00167 
.  00167 
.  00167 
.00200 
. 00167 
. 00233 
.00233 
.00233 
. 00233 
. 00233 
.00267 
.  00.3.'J3 
.00433 
.00267 
.  00267 
.  00300 
.00267 
.00267 
.00267 

.ooaas 

.00300 
.  00.300 
.00333 
.00300 
.00300 


.00000 
.00000 
.00000 
.  00000 
.  00034 
.00066 
.00100 
.  00166 
.00000 
.  00033 
.  00033 
.  00000 
.00000 
. 00066 
.00033 
.00000 
.00033 
. 00033 
.00000 


IntAee. 

Inches. 

0.00000 

0.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

•.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.06000 

.00000 

.06000 

.00000 

.06088 

.00000 

.00000 

.00000 

.00006 

.06000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00034 

.00000 

.00000 

.00000 

.00000 

.00006 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00066 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00034 

.00000 

—  .00034   . 

.00067 

.00000 

.00167 

.00034 

.00300 

.00000 

.00500 

.00000 

.01133 

.00000 

.  01.333 

.  00033 

.  014,33 

—  .  00033 

.01600 

.00066 

.01607 

lis 


0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00067 
.00100 
.00133 
.002t>0 

.006:^ 

.002110 
.  00100 
.00107 
.00007 
.00100 

.  001 :« 

.00107 
.  00166 
.00134 
.  OOUK* 
.  0010<» 
.00133 
.00467 
.00233 
.00300 
.00200 
.00367 
.00266 
.00367 
.00400 
.00433 
.00534 
.00700 
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Specimen  II. — Table  showing  the  exten^Um,  rettoration,  ^c. — Continued. 


8 


too 


Pimndt, 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
74,00d 


ox 


Jneket, 
0.07063 
.08088 
.09000 
.10888 
.12288 
.14067 
0.26188 


JnehB9. 

0.00666 
.00700 
.00967 
.01283 
.01400 
.02434 

0.11466 


u 
o  § 

©•a 


InchM. 

0.00367 

'.00388 
,00400 
.00867 
.00367 

0.00867 
(*) 


l-s  ■ 

2. a 

?^  e  a 

CO 


Ineheg. 
0.00067 

—  .00034 
.00067 

-  .00068 
.00000 

0.00000 
(*) 


S 


to 

a 

^  a 

1.9 

o 


0.07667 
.08800 
.09200 
.10467 
.11867 

0.14800 
(*) 


is 


0 

02 


S.9 


Ineh«t, 
0.00600 
.00733 
.00900 
.01267 
.01400 
0.02433 

(*) 


*  Specimen  broke. 

GENERAL  SUMMABY. 

Specific  grayitr  (mean  of  three  resnlta) 7.9002 

Tensile  strength,  per  square  inch pounds..       74,000 

Elastic  limit ponnds..       40,000 

Extenrion,  per  inch,  at  elastic  Umit inch..      0.00200 

Extension,  perinch,  a^mptore inch..      0.26133 

Hardness  (mean  of  three  results) 14.78 

(higinal  area  of  cross-section square  inch..      0.8068 

Area  after  rupture square  inch..'     0.1882 

Position  of  rupture « |  from  shoulder* 

Character  of  fracture close  fibrous* 


Specimbn  III. — Table  showing  the  extennoHj  restorationf  and  permanent  set,  per  inch  in 
lengthf  caused  by  the  undermentioned  weights,  per  square  inch  of  section,  aiding  on  a  solid 
cylinder  of  steely  6  inches  long  (between  shoulders)  and  0.628  inches  diameter ,  taken 
from  breech-receiver  No.  5,  for  S-inch  bfeech-loading  rifle. 


. 

[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 

II 

1    . 

exten- 
inch  in 

1.. 

it 

®  s 

«  u 

.  &.a 

perma- 
per  inch 

• 

xtension, 
inlenj 

■1 S^   i   2.9 

1^- 

crmanent 
inch  inl 

1*1 

Weighl 
inch 

OM 

§§.9 

» 

^           !   p? 

1 

CO 

Pounds. 

1 

Inches. 

• 

Inches. 

Inches. 

Inches. 

Inches, 

Inches. 

1,000 

0.00000 

0.00000 

0.  00000 

0.00000 

o.ooooo 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

5,000 

.00017 

.  00017 

.00017 

.00017 

.00000 

.00000 

6,000 

.00017 

.00000 

.00017 

.00000 

.00000 

.00000 

7,000 

.00017 

.00000 

.00017 

.00000 

.00000 

.00000 

8.000 

.00017 

.00000 

.00017 

.00000 

.00000 

.00000 

9,000 

.00017 

.00000 

.00017 

.00000 

.00000 

.00000 

10,000 

.00033 

. 00016 

.00033 

.00016 

.00000 

.00000 

11,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

12,000 

.00083 

.00000 

.00033 

.00000 

.00000 

.00000 

13,000 

.00050 

.00017 

.00050 

.00017 

.00000 

.00000 

14,000 

.00050 

.00000 

.00050 

.00000 

.00000 

.00000 

15,000 

.00050 

.00000 

.00050 

.  .00000        .00000 

.00000 

16,000 

.00050 

.00000 

.00050 

.00000 

.00000 

.00000 

17,000 

.00050 

.00000 

.00050 

.00000 

.00000 

.00000 

18,000 

.00067 

.00017 

.00067 

.00017 

.00000 

.00000 

19,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

20,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

21,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

22,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

23,000 

.00083 

.00016 

.00088 

.00016 

.00000 

.00000 

24,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 

26,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 
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OEXBRAL  SmnCABT. 

epeolflo  gr>Tttf  (of  hair  apeclmeii  after  tuting) 7.8n> 

Taniile  itrengtb,  per  >qD>n  Inob ■ ..poondi..        KMWO 

ElHttoUralt ponndt..       iS,0U 

BiMndon.  pat  lush,  Uelutlo  limit Inch..      O-OttSo 

EittnuloD,  pettioh,  M  mplnre Inoi..      0.  ITIW 

Hudn««  (of  hill apMlmeD  after  l«»tiin(tl 1B.M1 

OHkIiwI  uetof  oroM-anjUon sqwue  ineb . .      (1.3WT 

Ale*  »ftot  raptore -^■•inaretaialk..      l).lfTI 

Potitlim  of  rnptors »bontl  Inoh  from  ahwUei. 

Character  of  fruotn™ clOHflbraoa. 
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Spkcimbn  IV. — Table  $howing  the  exien$U>ny  restcrationf  and  permanent  eet,  per  inch  in 
lengthf  caused  by  the  undermentioned  weightSf  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steely  6  inches  long  (between  shoulders)  and  0.628  inch  diamster  taken  from 
breech-receiver  No,  5,  for  8-tncA  breecM>oading  rifle, 

[Furnished  by  Thomas  Firth  ic  Sons,  Norfolk  Works,  Sheffield  England.] 


Il 

1 

exten- 
inch  in 

ion,  per 
ength. 

restora- 
inch  in 

set,  per 
Bngth. 

perma- 
per  inch 

■ 

ion, 
leni 

^t4 

GO 

1^ 

Welghi 
inch 

Extens 
in 

Sucoea 
sion, 
lengt 

Resto 
inch 

Permai 
inch 

QQ 

Pounds. 

Inehta, 

Inehes. 

Inches. 

Inchss. 

Inches, 

JneA«f. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2.000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

5,000 

.00017 

.  00017 

.00017 

.00017 

.00000 

.00000 

6,000 

.00017 

.00000 

.00017 

.00000 

.00000 

.00000 

7,000 

.00017 

.00000 

.00017 

.00000 

.00000 

.00000 

8.000 

.00033 

.00016 

.00033 

.00016 

.00000 

.00000 

0,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

11.000 

.(0033 

.00000 

s   .00033 

.00000 

.00000 

.00000 

12.000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

13,000 

.00050 

. 01017 

.00050 

.00017 

.00000 

.00000 

14,000 

.00050 

.00000 

.00050 

.00000 

.00000 

.00000 

15,000 

.00067 

.00017 

.00067 

. 00017 

.00000 

.00000 

16.000 

.00067 

.00000 

.00067 

.06000 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00083 

.00016 

.00083 

.00016 

.00000 

.00000 

19,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 

20,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 

21,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 

22,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 

23,000 

.00083 

.00000 

.00083 

.00000 

.00000 

.00000 

24,000 

.00100 

.00017 

.00100 

.00017 

.00000 

.00000 

25,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

26,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

27,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

28,000 

.00117 

.  00017 

.00117 

.00017 

.00000 

.00000 

29,000 

.00117 

.00000 

.00117 

.00000 

.00000 

.00000 

30,000 

.00117 

.00000 

.00117 

.00000 

.00000 

.00000 

31,000 

.00133 

.00016 

.00133 

.00016 

.00000 

.00000 

32,000 

.00133 

.00000 

.  00133 

.00000 

.00000 

.00000 

33,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

34,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

35,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

36,000 

.00150 

.00017 

.00150 

.00017 

.00000 

.00000 

37,000 

.00150 

.00000 

.  00150 

.00000 

.00000 

.00000 

88,000 

.00150 

.00000 

.00150 

.00000 

.00000 

.00000 

30.000 

.00150 

.00000 

.00150 

.00000 

.00000 

.00000 

40,000 

.00167 

.00017 

.00167 

.00017 

.00000 

.00000 

41,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

42,000 

.00167 

.00000 

.00167 

.00030 

.00000 

.00000 

43,000 

.Q0167 

.00000 

.00167 

.00000 

.00000 

.00000 

44,000 

.00167 

.00000 

.00167 

.00000 

.00009 

.00000 

45,000 

.00167 

.00000 

.00167 

.00000 

.00000 

.00000 

46,000 

.00183 

.00016 

.00183 

.00016 

.00000 

.00000 

47,000 

.00183 

.00000 

.00117 

—  .00066 

.00067 

.00067 

48,000 

.01217 

.M334 

.00250 

.00133 

.00967 

.00900 

49.000 

.01267 

.00050 

.00233 

—  .00017 

.01033 

.00066 

50,000 

.  01333 

.00066 

. 00217 

—  .00016 

.  01117 

.00084 

51,000 

.01400 

.00067 

.00250 

.00033 

.01150 

.00033 

52,000 

.01483 

.00083 

.00250 

.00000 

.01283 

.00083 

53.000 

.  01600 

.00117 

.00250 

.00000 

.01350 

.00117 

54,000 

.01750 

.00150 

.00300 

.00050 

.01450 

.00100 

55,000 

.01850 

.00100 

.00283 

—  .00017 

.01567 

.00117 

56.000 

.01967 

.00117 

.00283 

.00000 

.01683 

.00116 

57,000 

.02083 

.00116 

.00283 

.00000 

.01800 

.00117 

58.000 

.02250 

.00167 

.00300 

.00017 

.  01950 

.00150 

50.000 

.02383 

.00133 

.00300 

.00000 

.02088 

.00133 

60,000 

.025.'5O 

.00167 

.00300 

.00000 

.02250 

.00167 

61.000 

.02683 

.00133 

.00283 

—  . 00017 

.02400 

.  OOl.'K) 

62,000 

.02883 

.00200 

.00317 

.00034 

.02,W7 

.00167 

63.000 

.03083 

.00200 

.00300 

—  .00017 

.02783 

.00216  * 

64,000 

.03283 

.00200 

,00317 

.  00017 

.02967 

.00184 

65,000 

.03567 

00284 

1    . 00350 

.00033 

.  03217 

.00250 

66,000    1 

.0378^ 

00216 

. 00300 

—  .00050 

.  03483 

.00266 

67,000    1 

.04083 

.09300 

1    . 00350 

.00050 

.03733 

.00250 

30  ( 

OUT) 
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Specimen  IV. — Table  shounng  ihs  exteneion,  restoratUm,  ^c. — Continned. 


§ 


wo 
-Srg 

I' 


Pounds. 
68,000 
69,000 
70,000 
71,000 
72.000 
73,000 
74,000 
75,000 
76,000 
77.000 
78,000 


B 

s 

M 

H 


s. 


'i 


e  p 
oja 


A4 


0.04400 
.04617 
.04083 
.05400 
.06800 
.06283 
.06900 
.07567 
.08317 
.09250 

0.09817 


Inehet, 
0.00817 
.00217 
.00366 
.00417 
.00400 
.00483 
.00617 
.00667 
.00750 
.00933 
0.00567 


Ineh0t. 

0.00383 
.00367 
.00383 
.00400 
.00367 
.00400 
.00417 
.00450 
.00433 

0.00433 
(•) 


Inehe$. 
0.00038 

-  .00016 
.00016 
.00017 

-  .00033 
.00033 
.00017 
.00033 

-  .00017 
0.00000 

(*) 


Inehe9. 

0.04017 
.04250 
.04450 
.05000 
.05433 
.05888 
.06483 
.07117 
.07883 

0. 08817 
(•) 


II 

I?" 

CO 


fl^ 


Inehm. 

0.00274 
.00233 
.00200 
.00560 
.00438 
.004SO 
.00600 
.00634 
.00766 

0.00834 
(•) 


^Specimen  broke. 

GENERAL  SUMMARY. 

Speclflo  gravity  (of  half  specimen  after  teating) 7.8586 

Tensile  strength,  per  sqaare  inch ponnds . .  78, 000 

Elasticlimit pounds..  47,000 

Extension,  per  inch,  at  elastic  limit inoh. .  0. 00188 

Extension,  per  inch,  at  mptnre '. inch..  0.09817 

Hardness  (of  half  specimen  after  testing) 2L 169 

Original  area  of  cross-section square  inch . .  0. 3097 

Area  after  rupture  square  inch  range..  0.2827 

Position  of  rupture 2^  from  ahoolder. 

Character  of  fracture:  crystalline,  radiating  from  small  spot  of  mnch  finer  structure  on  one  aide  of 
specimen. 


Specimek  y. — Table  ahowing  the  extension,  restoration,  and  permanent  set,  per  imA  in 
length,  caused  by  the  undemientianed  weights,  per  square  inch  of  section,  €ict%ng  on  a  solid 
cylinder  of  steel  3  inches  long  {between  shoulders)  and  0.622  inch  diameter,  taken  from 
breech-receiver  No.  5,  for  S-inch  breech-loading  rifle. 

[Furnished  by  Thomas  Firth  &.  Sons,  Norfolk  Works,  Sheffield,  England.] 


II 

inch 

i 

5. 

is 

a  o 

9  V 

£•9 

•  If 

a.  . 

lit 

43 

•ri 

H 

isf 

14 

CO 

• 

00 

Pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1,000 

0.00000 

0. 00000 

0. 00000 

0.00000 

0.00000 

.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00(900 

.00000 

3,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

5,000 

.00000 

.  00000 

.00000 

.00000 

.00000 

.00000 

6,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

7,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

9,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

10,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

11,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

12,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

13,000 

.00033 

.00033 

.00033 

.00033 

.00000 

.00000 

14,000 

.00033 

.00000 

.  00033 

.00000 

.00000 

.00000 

15,000 

. 000H3 

.00000 

.  00033  • 

.00000 

.00000 

.00000 

16,000 

.00033 

.  oouoo 

.00033 

.00000 

.00000 

.00000 

.  17,000 

.00033 

.  00000 

.00033 

.00000 

.00000 

.00000 

18,  000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

19.000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

20,000 

.00038 

.  00000 

.00033 

.00000 

.00000 

.00000 

21,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 
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Specimen  y,—Tabh  thowing  the  extension,  restoration,  ^o.~ContiDned. 


L,  per  square 
or  section. 

ion,  per  inch 
length. 

live     exten- 
per  inch  in 
h. 

ration,  per 
in  length. 

Successive  restora- 
tion, per  inch  in 
length. 

lent  set,  per 
in  length. 

a  ^ 

% 

Weight 
inch 

Bxtens 
in 

!<  2  S 

CO 

Besto: 
inch 

Perman 
inch 

Snccess 
nenti 
inlen 

Poundt. 

Inehe*. 

Inehea, 

Jnehea. 

InehM. 

Inehet. 

Inehet. 

22,000 

0.00007 

0.00034 

0.00067 

0.00034 

0.00000 

0.00000 

23,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

24,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

25,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

26,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.06000 

27,000 

.00100 

.00033 

.00100 

.00033 

.00000 

.00000 

28,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

29,000 

.  00100 

.00000 

.00100 

.ootoo 

.00000 

.00000 

3C,000 

.  00100 

.00000 

.00100 

.00000 

.  00000 

.00000 

31, 000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

32,000 

.00133 

.000.S3 

.00133 

.00033 

.00000 

.00000 

33.000 

.  00133 

.00000 

. 00133 

.00000 

.00000 

.00000 

34,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

35,000 

.00200 

.00067 

.00100 

—  .  00033 

.00100 

.00100 

36,000 

.00300 

.00100 

.00100 

.00000 

.00200 

.00100 

37,000 

.  00467 

.00167 

,  00167 

.00067 

.00300 

.00100 

38,000 

.  00700 

.00233 

.00187 

.00000 

.  00.533 

.  00233 

39,000 

.  00933 

.00233 

.00167 

.00000 

-.00767 

.00234 

40.000 

.  01033 

.00100 

.00167 

.  00000 

.00867 

.  00100 

41,000 

.  01033 

.00000 

.00167 

. 00000 

.00867 

.00000 

42,000 

.01233 

,  00200 

.00267 

. 00100 

.00967 

.00100 

43,000 

. 01300 

.  00067 

.  00200 

—  . 00067 

.  OUOO 

. 00133 

44,000 

. 01433 

.  00133 

.00200 

. 00000 

. 01233 

.00133 

45.000 

.01500 

.00067 

.00167 

—  .00033 

. 01333 

.00100 

46.000 

.  01567 

.00067 

.00200 

.00033 

. 01367 

.00034 

47,000 

.  01733 

.00166 

.  00233 

.  00033 

.  01500 

. 00133 

48.000 

.  01867 

.  00134 

.00233 

.  00000 

.  01633 

.00133 

49.000 

.01967 

.00100 

.00233 

.00000 

.  01733 

.00100 

50,000 

.02100 

.00133 

.  00233 

.00000 

.01867 

.00134 

51,000 

.02267 

.00167 

.00233 

.00000 

.02033 

.00166 

62.000 

.02433 

.00166 

.00267 

.00034 

.02167 

.00134 

53.000 

.02600 

.  00167 

.  00233 

—  .  00034 

.02367 

.00200 

54.000 

.  02733 

.00133 

.  00:233 

.00000 

.02500 

.00133 

55,000 

.  02967 

.00234 

.  00267 

.00034 

. 02700 

. 00200 

66,000 

,  03133 

.00166 

.  00267 

.00000 

.02867 

.00167 

57.000 

.03300 

.  00167 

.00267 

.00000 

.  03033 

.00166 

68,000 

.  03533 

.00233  •- 

.00267 

.00000 

.03267 

.00234 

59.000 

.03833 

.00300 

.  00300 

.00033 

. 03533 

.00266 

60,000 

.04067 

.00234 

.00300 

.00000 

. 03767 

.00234 

61.000 

.04433 

. 00366 

.00300 

.00000 

.04133 

.00366 

62,000 

.  04733 

.  00300 

.00333 

. 00033 

.04400 

.00267 

63.000 

.04933 

.00200 

.00333 

.  00000 

.04600 

.00200 

64.000 

.05367 

.00434 

.00333 

.00000 

.  0.^)33 

.00433 

65,000 

.05567 

.  00200 

.00333 

.00000 

.  05233 

.00200 

66.000 

.  06133 

.00566 

.00333 

.00000 

.05800 

.00567 

67.000 

.06667 

.00434 

.00333 

.00000 

.06233 

.00433 

68,000 

.07100 

.00533 

.00333 

.00000 

.06767 

.00534 

69,000 

.  07767 

.00667 

.00367 

.00034 

.07400 

.00633 

70,000 

.08400 

.00633 

.00333 

—  .00034 

.08067 

.00667 

71.000 

.09400 

.01000 

.00333 

.00000 

.09067 

.01000 

72,000 

.  10433 

. 01033 

.00400 

.  00067 

.10033 

.00966 

73.000 

.  11867 

.01434 

.00400 

.00000 

.11467 

.01434  * 

74.000 

.  13833 

.01966 

0.00433 

0.00033 

0. 13400 

0. 01933 

75.000    i 

0.27067 

0. 13234 

C) 

<*»      1 

(*) 

1     (*) 

*  Specimen  brolce. 

GENERAL  SUMMARY. 

Specific  gravity  (mean  of  three  resaltH) 7.9002 

Tensile  strength,  per  square  inch pounds. .        75, 000 

Elasticlimit pounds..       36,000 

Extension,  per  inch,  at  elastic  limit inch. .      0. 00200 

iCxt«rnsion,  per  inch,  at  mptiiro inch..      0.27067 

Hardness  (mean  of  three  results) - 14.73 

Original  area  of  cross-section square  inch..      0.3038 

Area  after  rupture square  inch . .      0. 1600 

Position  of  rupture |  from  shoulder 

Character  of  fracture close,  fibrous,  with  mixiiite  orystalAited  spots* 
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Spkoihen  I,— Table  ehowing  the  extension,  restaratiany  <ind  permanent  set, per  inch  in  lengthy 
caused  by  the  undermentioned  weightSf  per  square  in<ih  of  section,  acting  on  a  solid  oMnder 
of  steel  3  inches  long  {betioeen  shoulders)  and  0.623  inch  diameter y  taken  from  oreecJ^ 
receiver  No,  1,  for  ll-inoh  breech-loading  rifle, 

[Furnished  by  Thomas  Firth  8c  Sons,  Norfolk  'VTorVis,  Sheffield,  Bnglaad.] 


Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17.000 
18.000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
31,000 
82,000 
38.000 
34,000 
35,000 
36.000 
87,000 
38,000 
89,000 
40,000 
41.000 
42,000 
43.000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
61,000 
52.000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 


O 


ti 

H 


Ifiehet. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00900 
.00000 
.00038 
.00033 
.00033 
.00033 
.00033 
.00067 
.00067 
.00067 
.00100 
.00133 
.00167 
.00267 
.00333 
.00400 
.00483 
.00567 
.00633 
.00667 
.00733 
.00800 
.00900 
.01167 
.01233 
.01300 
.01600 
.01633 
.01800 
.01900 
.02100 
.02167 
.02433 
.02767 
.02967 
.03167 
.03333 
.03600 
.03833 
.04267 
.04567 
.04900 
.05500 
.05833 
.06500 
.07067 
.07767 
.08800 
.09569 
.10867 
.12900 
.15600 

0. 22400 


S-9 

•I 

OS 


Inches, 
0.0^ 

.oOooo 

.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000 
.00033 
.00033 
.00034 
.00100 
.00066 
.00067 
.00033 
.00184 
.00066 
.00034 
.00066 
.00067 
.00100 
.00267 
.00066 
.00067 
.00300 
.00033 
.00167 
.00100 
.00200 
.00067 
.00266 
.00334 
.00200 
.00200 
.00166 
.00267 
.00238 
.00434 
.00300 
.00333 
.00600 
.00333 
.00667 
.00567 
.00700 
.01033 
.00767 
.01300 
. 02033 
.02700 
0.06800 


o  a 

a  q 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00033 
.00033 
.00033 
.00033 
.00067 
.00067 
.00067 
.00100 
.00133 
.00067 
.00067 
.00100 
.00100 
.  00100 
.00100 
.00133 
.00100 
.00133 
.00133 
.00100 
.00133 
.00167 
.00167 
.00167 
.00167 
.00200 
.00167 
.00200 
.00200 
.00200 
.00200 
.00233 
.00233 
.00200 
.00200 
.00267 
.00267 
.00300 
.00267 
.00333 
.00300 
.00367 
.00333 
.00867 
.00367 
.00367 
.00400 
.00400 

0.00467 
(*) 


& 

CD 


O.  OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
00033 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
0O034 
OOOOO 
OOOOO 
00033 
00033 

oooee 

OOOOO 

00033 

OOOOO 

OOOOO 

OOOOO 

00033 

OO033 

00033 

OOOOO 

00083 

00033 

OO034 

OOOOO 

OOOOO 

OOOOO 

00033 

00033 

00033 

OOOOO 

OOOOO 

OOOOO 

00033 

OOOOO 

00033 

OOOOO 

oooer 

OOOOO 
00033 

oooaa 
oooee 

00033 
OOOCT 

00034 
OOOOO 
OOOOO 
g0033 
OOOOO 

oooer 


S3 

a  ^ 


Inches. 
O.  OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 


*  Specimen  brolci 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


OOOOO 

OOOOO 

OOOOO 

OOIOO 

00200 

00233 

0O30O 

O0333 

00467 

00500 

oose? 

00600 
00667 
00800 
01033 
01067 
01133 

01433 
01467 
01600 
01733 

oiooo 

Ol9«7 
02233 

02567 

02733 

02fft33 

03133 

0B400 

03567 

04000 

042€S7 

04633 

0.«»167 

05533 

Oei33 

00733 

07400 

0«433 

?02^ 

10467 

l^soo 

15\33 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


469 


GENEBAL  SUMHABY. 

Speoiflo  gravity 7.8775 

Tensile  strength,  per  square  inch pounds..        62,000 

Siastic  limit pounds..        22,000 

Extension,  per  inch,  at  elastic  limit inch..      0.00167 

Extension,  per  inch,  at  rupture inch..      0.22400 

Hardness 9.313 

Original  area  of  cross-section square  inch..      0.3048 

Area  after  rupture square  inch..      0.1698 

Position  of  rupture .^  firom  shoulder. 

Character  of  fracture coarse,  fibrous,  with  ocoasional  granular  spots. 

Spbcimbn  II. — Table  showing  the  extension,  restoration,  and  permanent  set,  per  inch  in  length 
caused  hy  the  undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid  cylinder, 
of  steel  3  inches  long  {between  shoulders)  and  0.623  imh  diameter,  taken  from  breech-receiver 
No.  1,  for  11-inc^  breech-loading  rifle. 

[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 


§. 

•s 

s-a 

e  Q 

i^       ! 

set,  per 
length. 

it 

0 

1^^ 

ia 

lU 

1^1 

Weighl 
inch 

-1 

§535 

H 

00 

P< 

09 

£ 

OQ 

Pounds. 

Inehes. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00000 

.OtHMM) 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

6,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

6,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

7,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8»000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

9,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

10,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

11,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

12,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

18,000 

.00000 

.00000 

.00000 

.00000 

.00000 

fOOOOO 

14,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

15,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

16,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

17,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

18,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

19,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

20,000 

.00033 

.00033 

.00033 

.00033 

.00000 

.00000 

21,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

22,000 

.00133 

.00100 

.00100 

.00C67 

.00033 

.00033 

23,000 

.00167 

.00634 

.00133 

.00033 

.00033 

.00000 

24,000 

.00167 

.00000 

.00138 

.00000 

.00033 

.00000 

25,000 

.  00233 

.  00066 

.00067 

—  .00066 

.00167 

.00134 

26,000 

.00300 

.00067 

.00100 

.00033 

.00200 

.00083 

27,000 

.00367 

.00067 

.00067 

—  .00033 

.00300 

.00100 

28,000 

.00467 

.  00100 

.  00133 

.00066 

.00333 

.00033 

29,000 

.00567 

.00100 

.00133 

.00000 

.00433 

.00100 

30,000 

.00700 

.  00133 

.00138 

.00000 

.00667 

.00134 

31,000 

.00767 

.00067 

.00100 

—  .  00033 

.00667 

.09100 

32,000 

,01000 

.00233 

.00233 

.00133 

.00767 

.00100 

33,000 

.  01200 

.00200 

.00133 

—  .00100 

.  01067 

.00300 

34,000 

.01300 

.00100 

.00167 

.00034 

.01133 

,00066 

35,000 

.03367 

.00067 

.00167 

.00000 

.01200 

•.00067 

36,000 

,01500 

.00133 

.00200 

.00033 

.01300 

.00100 

37,000 

.01600 

.00100 

.00167 

—  .00033 

.01433 

.00138 

38,000 

,01767 

.00167 

.00200 

.00033 

.01567 

.00134 

39,000 

.01900 

.00133 

.00200 

.00000 

.01700 

.00138 

40,000 

.02100 

.00200 

.00200 

.00000 

,01900 

.00200 

41,000 

.02300 

.00200 

,00167 

—  .00033 

.  02133 

.00233 

42.000 

.02500 

.00200 

.00200 
>     .00200 

\    .00033 

1    .02800 

.00167 

48,000 

.02700 

.00200 

\    .00000 

1    .02500 

.  00200 

4«,000 

.02967 

.00267 

\     .00200 

\    .00000 

1    .02767 

.00'i67 

45,000 

.03200 

00233 

\     .00200 

\    .00000 

\    .03000 

\    .00238 

46,000 

.08467 

.00267 
0036T 

o.oo4efi 

\     .00100 

\  —  .00\00 

\    .03367 

\    .00367 

47.000 
48,000 
49,000 
50,000 
51,000 

.08700 
.04033 
.04400 
.04733 
0.  05200 

\     .W«00 
\     .00233 

\    .wwa 

\    ^.Wfiffl 

\    .00100 
\    .00033 
\    .00034 
\  —  .00034 
\   0.00034 

\    . 03500 
\    .03300 
\    .04133 
\    .04W0 
\   0.04033 

\    .00138 
\    .00300 
\    .00333 
\    .003(n 
\   0.00433 

■ — 
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GENERAL  SUMMARY. 

Specific  ^n^'^ity ...«>> . .........  .•...•.._.»•.  --.•»»*••«  .  _..._...«_... 

Tensile  strength,  per  square  inch .  -  . . . X>o^^a^^-  - 

Elaatic limit ..-- .  _  .. pouncLs •  • 

Extension,  per  inch,  at  elastic  limit . .  Inoli 

Extension,  per  inch,  at  niptnre --- .. .  --ixiolill 

Hardness ... 1". I' 

Original  area  of  cross-section ----.-- aqiukre  ixicilx  ~  " 

Area  after  rupture - aqxxare  inoh*' 

Position  of  rupture - - ---«•- ... 

Character  of  fracture  


7.8 
SI 


O.  O 
O.H 

O.  8 

O.  2 

.  ^  firoin  slioii] 


[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  l?^ox-lc:»,  SK^flaeid,  IBxxi^laAd. 


Pounds. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 

ii,oog 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21, 000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29.000 

30,000 

31,090 

32,000 

33,000. 

34,000 

35,000 

86,000 

37.000 

38,000 

39,000 

40,000 

41.000 

42,  000 

43.000 

44,000 

45.000 

46. 000 

47,000 

48,  000 

49.  000 
50.000 
51,000 
52,  000 
53,000 


Inehet. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00033 
.  00033 
.00033 
.00033 
.00067 
.00267 
.00333 
.00367 
.00867 
.00400 
.00433 
.00500 
.00633 
.00767 
.00967 
.01000 
. 01067 
.01167 
.01267 
. 01433 
.01600 
.01733 
.01900 
.02033 
.02233 
.02433 
. 02600 
.02767 
. 03000 
. 03200 
. 03467 
.  03733 
.04067 
.  04367 
.04733 
.  05133 
.  05467 
.00033 
.00600 
.  07067 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00000 
.00000 
.00000 
.00000 
.00034 
.00200 
.00066 
.00034 
.00000 
.00033 
.00033 
.00067 
. 00133 
.00134 
.00200 
.00033 
.00067 
.00100 
.00100 
.00166 
.00167 
.00133 
.00167 
.00133 
.00200 
.  00200 
.  00167 
.  00167 
.00233 
.00200 
. 00267 
.00266 
.00384 
.00300 
. 00366 
.00400 
.  00334 
.  00566 
.  00567 
.00467 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00033 
.00033 
.00038 
.00033 
.00067 
.00100 
.00100 
.00100 
.00100 
.00100 
.00087 
.00100 
.00133 
.00133 
.00100 
.00100 
. 00133 
. 00167 
. 00133 
.00167 
.00133 
.00133 
.00133 
. 00167 
.00167 
.00133 
.00167 
.  00167 
.  00200 
. 00133 
.00200 
. 00167 
.00167 
.  00200 
.00267 
.00200 
.  00200 
.00233 
. 00200 
.00233 


I 


I   - 


O.  OOOOO 
. OOOOO 
• OOOOO 
. OOOOO 
• OOOOO 
. OOOOO 
- OOOOO 
•OOOOO 
. OOOOO 
•OOOOO 
• OOOOO 
• OOOOO 
•00033 
- OOOOO 
- OOOOO 
- OOOOO 
- OOOOO 
•  00034 
• 00033 
.  OOOOO 
- OOOOO 
•OOOOO 
- OOOOO 
- 00033 

-  00033 
. 00033 

-  OOOOO 
.  00033 

-  OOOOO 
- 00033 
- 00034 
•00034 
- 00034 
- 00034 
• OOOOO 

-  OOOOO 
-0003-4 
• OOOOO 
- 00034 

•00034 
•OOOOO 

•  0<MKi3 

•  OOOO-T 
- OOOOY 
- 00033 
- OOOOO 

•00007 
• 00007 
•OOOOO 

-00033 
•00033 


O.  OOOOO 

-  OOOOO 
>  OOOOO 

•  OOOOO 

•  OOOOO 

-  OOOOO 
.  OOOOO 

-  OOOOO 

•  OOOOO 
.  OOOOO 

-  OOOOO 

-  OOOOO 

•  OOOOO 

•  OOOOO 

•  OOOOO 
.  OOOOO 

•  OOOOO 

-  OOOOO 

•  001C7 

-  00233 

.  ooaer 

-  00267 
• 00300 

-  003eT 

-  00400 

-  00500 

-  OOe33 

-  00807 

- OOOOO 

-  00033 

-  oiooo 

-  01133 

•  01267 

•  01467 

•  oiooo 

•  01707 

•  01807 

-  OtioOT 

-  02300 

•  0--M33 

•  02600 

-  o:>8oo 

-  03007 

-  03:>OT 

-  03SC7 

•  031K>0 

-  04 1  07 

•  04407 

-  O4033 

-  Or>2e7 

•  05800 

-  0«400 

-  Oe833 


m?^  ^^k  ^"^ 

CO 


O.  ooo< 

•  OOOt 

•  000( 

•  ooo< 

.  0OO4 
.OOOi 
.0004 
.0004 

•  OOCM 

•  0004 

.  oobf 
.ooo< 

.04MX 
.0004 
.OOCN 

•  ooo< 
.ooo« 

•  OOOt 

.  0014 

•  000( 

•  ooo: 

.004M 

•  oooc 

.OOOi 

.  Oou; 

•  OOK 

-ooi: 

-  002: 
-ooa* 

•  ooo: 

.  0004 

•  ooi: 

•  ooi: 

.0024 

•  ooi: 

•  4X>1« 

-ooi« 

.  Ot)2« 

•  002; 
-001: 
.0011 

.002« 

-  0021 

•  002i 

-ooa 
-ooa 

•  O02i 

•  4>03( 
.0044 
.003: 


000 

ooc 
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Spegibcen  III. — Table  showing  the  extenaiony  reatoroHofij  ^c. — Continued. 


cs  a 

inch 

live     exten- 
per  inch  in 

i. 

2ja 

K 

It 

ion,  per 
length. 

ration, 
inlengt 

live  res 
per  inc 
h. 

nocesdve    pe 
nent  set,  per 
in  length. 

Weight 
inch 

xtens 
in 

III 

esto 
inch 

accesi 

tion, 

lengt 

ennai 
inch 

H 

^ 

M 

^ 

A4 

OD 

Pounds, 

Inches. 

Inches. 

Inehes. 

Inches. 

Inches. 

Inches. 

54,000 

0.  07800 

0.00733 

0.00267 

0.00034 

0.07538 

0.00700 

56,000 

.08500 

.00700 

.00300 

.00083 

.08200 

.00667 

56,000 

.09567 

.01067 

.00300 

.00000 

.09267 

.01067 

57,000 

.10633 

.01066 

.00300 

.00000 

.10383 

.01066 

58,000 

.12400 

.01767 

.00338 

.00033 

.12067 

.01734 

60,000 

. 14100 

.01700 

.00333 

.00000 

.  13767 

.01700 

60,000 

.18067 

.03967 

0.00400 

0.00067 

0.17667   . 

0.08900 

61,000 

0.29067 

0.11000 

(*) 

(•) 

(•) 

<*) 

*  Specimen  broke. 

GENERAL  SUMMARY. 

Specific  gravitv .^ 7.8746 

Tensile  strength,  per  square  inch ponnds . .       61, 000 

Slastdc  limit ponnds..        19,  000 

Extension,  per  inch,  at  elastic  lim  it inch . .      0. 00267 

Bxtension,  per  inch,  at  rupture inch . .      0. 28067 

Hardness 9.929 

Original  area  of  cross-section square  inch..      0.3048 

Area  after  rupture ^ square  inch..      0.1757 

Position  of  rupture |  from  shoalder. 

Character  of  rracture coarse,  fibrous,  with  granular  spots. 

Specimen  Y. —  Table  shatcing  the  extension^  restoration,  and  permanent  set^  per  inch  in 
lengthf  caused  by  the  undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steel  3  inches  long  (between  shoulders)  and  0.625  inch  diameter,  taken  from 
breech-receiver  No.  1,  for  ll-inch  breechrloading  rifle, 

[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 


2.§ 

inch 

Jive     exten- 
per  inch  in 

h. 

u 

tora- 
h  in 

rma- 
inch 

u  % 

ion,  per 
length. 

ration, 
in  lengt 

accessive  res 
tion,  per  ino 
length. 

lent  set, 
in  lengt 

Ill 

Weighl 
inch 

xtens 
in 

«^  ®  9 

o.d 

c  a 
9-^ 

ermai 
inch 

Dccesi 
nent 
in  leu 

» 

^ 

» 

w 

»4 

CQ 

Pounds. 

Inches. 

Inches. 

Inches. 

- 
Inches. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

3,060 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3.000 

.00033 

.00033 

.00033 

.00033 

.00000 

.00000 

4.000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

5.000 

.00033 

.  00000 

.00033 

.00000 

.00000 

.00000 

6,000 

.00033 

.00000 

.00033 

.(roo33 

.00000 

.00000 

.00000 

7,000 

.00033 

.00000 

.00000 

.00000 

.00000 

8,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

9.000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10,000 

.00033 

.00000 

.  0003S 

.00000 

.00000 

.00000 

11,000 

.00067 

.  00034 

.00067 

. 00U34 

.00000 

.00000  ' 

12.000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

13,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

14,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,  000 

.00100 

.00033 

.  00100 

.00033 

.00000 

.00000 

16,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

17,  000 

.  00200 

.00100 

.00067 

—  .00033 

.00133 

.00133 

18.000 

.00233 

.ooo;« 

.00067 

.00000 

.00167 

.00034 

19,000 

.00300 

.00067 

.0«M)67 

.00000 

.00233 

.00066 

20,000 

.  00333 

.00033 

.00067 

. 00000 

.00267 

.00034 

21,000 

.00433 

.00100 

.00100 

.  00033 

.00333 

.00066 

22,000 

.00500 

.00067 

.00100 

.00000 

.00400 

.00067 

23,000 

.00600 

.00100 

.00133 

.00033 

.00467 

.00067 

24,000 

.00700 

.00100 

.00100 

—  .00038 

.00600 

.00133 

25,000 

.00833 

.00133 

.00133 

.00033 

.00700 

.00100 

26.000 

.00933 

.00100 

.00133 

.00000 

.00800 

.00100 

27,000 

.01067 

.00134 

.00133 

.00000 

.00983 

I   .00183 
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Specimen  V. — Table  ahotving  the  extensiony  restoration^  ^o. — Contmned. 


per  inoh 
gth. 

exten- 
'  inch  in 

ion,  per 
ength. 

Bet,  per 
ength. 

1 

E3 

a  3 

•a  -^ 

Permanent 
inch  in] 

m 

11 

hi 

©43 

*  9 

OD 

Poundt. 

Indkeg, 

Inches, 

Inekei. 

Inohea. 

Inchet. 

Inahsa. 

028,000 

0.01233 

0.00166 

0.00133 

0.00000 

0. 01100 

0.00167 

29,000 

. 01333 

.00100 

.00133 

.00000 

.01200 

.ooioe 

80,000 

.01467 

.00134 

.00167 

.00034 

. 01300 

.00100 

31,000 

.01600 

.00133 

.00167 

.00000 

.01433 

.00133 

32,000 

.01733 

.00133 

.00167 

.00000 

.01567 

.00134 

33,000 

.01900 

.00167 

.00167 

.00000 

.01733 

.00166 

34,000 

.02033 

.00133 

.00133 

-  .00084 

.01900 

.00167 

36,000 

.02233 

.00200 

.00167 

.00084 

.02067 

.00167 

36,000 

.02467 

.00234 

.00167 

.00000 

.02300 

.00233 

37,000 

.02633 

.00166 

.00167 

.00000 

.02467 

.00167 

38,000 

.02800 

.00167 

.00167 

.00000 

.02633 

.00166 

39,000 

.03100 

.00300 

.00233 

.00066 

.02867 

.00234 

40,000 

.03300 

.00200 

.00233 

.00000 

.03067 

.00200 

41,000 

.03500 

.00200 

.00200 

.00033 

.03300 

.00233 

42,000 

.03733 

.00233 

.00200 

.00000 

.03533 

.00283 

48,000 

.04033 

.00300 

.00267 

.00067 

.03767 

.00284 

44,000 

.04333 

.00300 

.00200 

.00067 

.04133 

.00306 

45,000 

.04600 

.00267 

.00200 

.00000 

.04400 

.00287 

46,000 

.04067 

.00367 

.00233 

.00033 

.04733 

.00383 

47,000 

.05267 

.00300 

.00233 

.00000 

.05033 

.00300 

48,000 

.05033 

.00666 

.00267 

.00034 

.05667 

.00684 

49,000 

.06200 

.00267 

.00233 

—  .00034 

.05067 

.00300 

50,000 

.06667 

.00467 

.00267 

.00034 

.06400 

.00433 

61,000 

.07467 

.00800 

.00300 

.00033 

.07167 

.00767 

52,000 

.07900 

.00567 

.00267 

-  .00033 

.07683 

.00466 

53,000 

.08833 

.00933 

.00267 

.00000 

.08567 

.00034 

64,000 

.09767 

.00934 

.00333 

.00066 

.09433 

.00866 

55,000 

.10867 

.01100 

.00367 

.00034 

.10500 

.01087 

56,000 

.12500 

.01633 

.00333 

—  .00034 

.12167 

.01667 

57,000 

.14467 

.01967 

.00367 

.00034 

.14100 

.01988 

58,000 

.19300 

.08733 

0.00400 

0.00033 

0.18900 

0.04800 

59,000 

0.28433 

0. 00133 

(*) 

(*) 

(*) 

(*) 

*  Specimen  broke. 

GENERAL  SUMMAET. 

Specific  gravity 7.8889 

Tensile  strongih,  per  square  inch pounds..        59,000 

Elasticlimit .''...  pounds..        17,000 

Extension,  per  inch,  at  elastic  limit inch. .      0. 00200 

Extension,  per  inch,  at  rupture inch..      0.28133 

Hardness 9.138 

Original  area  of  croas-Bection sqnare  inch..      0. 3067 

Area  after  rupture square  inch..      0.1832 

Position  of  rupture |  from  shoulder* 

Character  of  fracture light  gray,  crystalline  predominating 

Specimen  VI. — Table  showing  the  extension^  restoratiorif  and  permanent  »e<,  per  inch  im 
lengthf  caused  by  the  undermentioned  weights ,  per  aqttare  inoh  of  eeeiion^  acting  on  a  solid 
cylinder  of  steel  3  inches  long  (between  shoulders)  and  0.623  inch  diameter,  taken  from 
hreech-reoeiver  No.  1,  for  11-inch  breech-loading  rifle. 

[Furnished  by  Thomas  Firth  &,  Soufi,  Norfolk  Works,  iSheffleld,  England.] 


1 

|5 

'd 

tora- 
h  in 

^4 

^1 

H 

.a 

O  M 

la 

n 

p. . 

00 

SB  O 

9  b> 

§53® 

CO 

0  a 

»  •  13 
OQ 

Pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inei^s. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8,000 

.00000 

.00000 

.00000 

.00000 

.00000 

•  WWW 

4,000 

0.00000 

0.00000 

0.00000 

0.00000 

6.00000 

0.00000 
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Spbcimbn  YL^Table  shoiring  ike  exiensUmf  re9toraii(m,  ^c— Continued. 


Weight,  per  square 
inch  of  section. 

Extension,  per  inch 
in  length. 

Snecessive     exten- 
sion, per  inch  in 
length. 

Kestoration,  per 
inch  in  length. 

Snecessive  restora- 
tion,  per  inch  in 
length. 

Permanent  set  per 
inch  in  length. 

Sucxsessive    perma- 
nent set,  per  inch 
in  length. 

IndiM. 

Jnehet. 

JncheM. 

Indiet. 

Jnchea. 

Inehea. 

5.000 

0.00000 

0.00000 

0.00000 

0.00000 

O.QOOOO 

0.00000 

e.000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

7,000 

.00033 

.00033 

.00033 

.00C33 

.00000 

.00000 

8,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

9,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

10,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

11,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

12,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

13,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

14,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

16,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00100 

.00083 

.00100 

.00038 

.00000 

.00000 

19,000 

.00100 

.00000 

.00067 

—  .00038 

.00033 

.00083 

20,000 

.00167 

.00067 

.00067 

.00000 

.00100 

.00067 

21,000 

.00800 

.00133 

.00100 

.00033 

.00200 

.00100 

22,000 

.00400 

.00100 

.00067 

—  .00038 

.00333 

.00133 

23,000 

.00633 

.00233 

.00100 

.00033 

.00538 

.00200 

24,000 

.00667 

.00034 

.00100 

.00000 

.00567 

.00034 

25.000 

.00700 

.00033 

.00100 

.00000 

.00600 

.00033 

26,000 

.00800 

.00100 

.00100 

.00000 

.00700 

.00100 

27,000 

.00033 

.00133 

.00100 

.00000 

.00833 

.00133 

28,000 

.01033 

.00100 

.00100 

.00000 

.00933 

.00100 

29.000 

.01167 

.00134 

.00100 

.00000 

.01067 

.00134 

30,000 

.  01300 

.00133 

.00133 

.00083 

.  01167 

.00100 

81,000 

.  01433 

.00133 

.00138 

.00000 

.01300 

.00133 

32,000 

.01533 

.00100 

.00167 

.00034 

.01367 

.00067 

33,000 

.01667 

.00134 

.00167 

.00000  - 

.01500 

.00133 

84,000 

.01800 

.00133 

.00167 

.00000 

.01633 

.00133 

35.000 

.01967 

.00167 

.00167 

.60000 

.01800 

.00167 

36.000 

.02167 

.00200 

.00167 

.00000 

.02000 

.00200 

37,000 

.02300 

.00133 

.00200 

.00033 

.  02100 

.00100 

38,000 

.02467 

.00167 

.00200 

.00000 

.  02267 

.00167 

39.000 

.02633 

.00166 

.00200 

.00000 

.02433 

.00166 

40,000 

.02867 

.00234 

.00167 

—  .00033 

.02700 

.00267 

41,000 

.  03100 

.00233 

.00200 

.00033 

.02900 

.00200 

42,000 

.03300 

.00200 

.00200 

.00000 

.03100 

.00200 

43,000 

.03667 

.00367 

.00200 

.00000 

.03467 

.00367 

44,000 

.03867 

.00200 

.00233 

.00033 

.03633 

.00166 

45,D00 

.04133 

.00266 

.00233 

.00000 

.03900 

.00267 

46,000 

.04500 

.00367 

.00233 

.00000 

.04267 

.00367 

47,000 

.04800 

.00300 

.00300 

.00067 

.04500 

.00233 

48,000 

.05200 

.00400 

.00233 

—  .00067 

.04967 

.00467 

49,000 

.05600 

.00400 

.00267 

.00034 

.05333 

.00366 

60,000 

.06200 

.00600 

.00267 

.00000 

.05933 

.00600 

51.000 

.06600 

.00400 

.00267 

.00000 

.06333 

.00400 

52,000 

.07300 

.00700 

.00267 

.00000 

.07033 

.00700 

53,000 

.07900 

.00600 

.  00267 

.00000 

.07633 

.00600 

54,000 

.08667 

.00767 

.00267 

.00000 

.08400 

.00767 

55,000 

.00833 

.01266 

.00300 

.  00033 

.09633 

.01233 

56.000 

.10867 

.00934 

.00300 

.00000 

.10567 

.00934 

57,000 

.12433 

.01566 

.  00.333 

.00033 

.12100 

.01538 

58,000 

.  14367 

.01934 

.00333 

.00000 

.14033 

.01933 
0.04W7 

59,000 

.18567 

.04200 

0.  00367 

0.00034 

0  18200 

60,000 

0. 30933 

0.12366 

(*) 

(*) 

(*) 

(*) 

*  Specimen  broke. 

GENERAL  SUMMARY. 

Specific  gravity 

Tensile  strc^ngth,  per  square  inch pounds.. 

Elastic  Umit pounds.. 

Extension,  per  inch,  at  elasticlimit inch.. 

Extension,  per  incli,  at  rupture inch.. 

Hardness 9l81 

Original  area  of  cross-section square  inch..    0.30 

Area  after  rupture square  inch..    O.IT 

Position  of  rupture ifh>m  should 

Character  of  fracture medium  gray,  mixed,  fibrous,  and  orystalli 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Specimen  I.—  Table  ahotoing  the  exienmon,  reatoraiUm,  and  permanent  Mf,  per  ineh  in 
lengthy  caused  by  the  undermentianed  weights^  per  square  inch  of  section^  acting  on  a  solid 
eylindifr  of  steely  3  inches  long  {between  shoulders)  and  0. 623  inches  diameter,  taken  from 
brreech-receiver  No.  2,  for  ll-inch  breech-loading  rifle, 

[Famished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 


h 

inch 

a -9 

•3 

K 

tora- 
h  in 

rma* 
inch 

it 

OB  V 

ta 

^1. 

Weight,  pe 
inch  of  8 

xtenslon, 
in  lenj 

iccessive 
sion,  per 
length. 

estorat 
inch  in  1( 

iccessive 
tiou,  per 
length. 

armanent 
inch  in  I 

1^ 
§!■* 
1-^ 

H 

(B 

fA 

cc 

(^ 

Pounds. 

Inches. 

Inehss. 

Inches. 

Inches. 

.Inches. 

iTiehes. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.  .00000 

.00000 

8,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00090 

.90000 

.  .00000 

.00000 

5,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

<l.000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

7,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8.000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

9,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

10,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

11,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

12,000 

.00033 

.00033 

.00083 

.00083 

.00000 

.00000 

13,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

14,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

15,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

16,000 

.00033 

.00000 

.00038 

.00000 

.00000 

.00000 

17,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

18,000 

.00100 

.00033 

.00100 

.00033 

.00000 

.00000 

19,000 

.00133 

.00033 

.00067 

—.00033 

.00067 

.00067 

20,000 

.00233 

.00100 

.00067 

.00000 

.00167 

.00100 

21,000 

.00300 

.00067 

,00100 

.00033 

.00200 

.00033 

22,000 

.00367 

.00067 

.00100 

.00000 

.00267 

.00067 

23,000 

.00467 

•  .00100 

.00100 

.00000 

.00367 

.00100 

24,000 

.00583 

.00066 

.00100 

.00000 

.00433 

.00066 

25,000 

.00600 

.00067 

.00100 

.00000 

.00500 

.00067 

26,000 

.00800 

.00200 

.00100 

.00000 

.00700 

.00200 

27,000 

.01033 

.00233 

.00133 

.00033 

.00900 

.00200 

28,000 

.01100 

.00067 

.00133 

.00000 

.00967 

.00067 

29,000 

.01133 

.80033 

.00133 

.00000 

.01000 

.00033 

30.000 

.01200 

.00067 

.  00133 

.00000 

.01067 

.00067 

31.000 

.01267 

.00067 

.00133 

.00000 

.01138 

.00066 

32.000 

.01400 

.00133 

.00133 

.00000 

.01267 

.00134 

33.000 

.01590 

00100 

.  00133 

.00000 

.01367 

.00100 

34,000 

.01733 

.00233 

.00167 

.00034 

.01567 

.00200 

35.000 

.01867 

.00134 

,00167 

.00000 

.01700 

.00133 

36,000 

.02033 

.00166 

.00200 

.00033 

.01833 

.00133 

37,000 

.02167 

.00134 

.00200 

.00000 

,01967 

.00134 

38,000 

.02333 

.00166 

.00200 

.00000 

.02133 

.00166 

39,000 

.02467 

.00134 

.00167 

—.00033 

.02300 

.00167 

40.000 

.02700 

.00233 

.00200 

.00033 

.02500 

.00200 

41,000 

.02967 

.00267 

.00233 

.00033 

.02733 

.00233 

42,000 

.03100 

.00133 

.00200 

—.00033 

.02900 

.00167 

43,000 

.03300 

.00200 

.00233 

.00033 

.03067 

.00167 

44,000 

.  03.567 

.00267 

.00267 

.00034 

.03300 

.00233 

45,000 

.03800 

.00233 

.  00233 

—.00034 

.03567 

.00267 

46.000 

.04033 

.00233 

.  00233 

.00000 

.03800 

.00233 

47,000 

.04500 

.00467 

.  00233 

.00000 

.04267 

.00467 

48,000 

.04967 

.00467 

.00233 

.00000 

.04733 

.00466 

41.000 

.05167 

. 00200 

.00267 

.00034 

.04900 

.00167 

60,000 

.05467 

.00300 

.00267 

.00000 

. 05200 

.00300 

51,000 

.05833 

.00366 

. 00233 

— .  00034 

.05600 

.00400 

52,000 

.06467 

.00634 

.00267 

.00034 

.06200 

.00600 

53,000 

.06900 

.  00433 

.00333 

.00066 

.06567 

.00367 

54,000 

.  07433 

.  00533 

.  00267 

—.00066 

.07167 

.00600 

55,000 

.08233 

.00800 

.00333 

.00066 

.07900 

.00733 

56,000 

.09400 

.01167 

.  00333 

.00000 

.09067 

.01167 

67,000 

.10067 

.00667 

.  00333 

.00000 

.09733 

.00666 

58,000 

.11000 

.00933 

.  00367 

.00034 

.10633 

.90900 

59.000 

. 12467 

.01467 

.00300 

—.00067 

.12167 

.01534 

60,000 

.  14233 

.01766 

.00367 

.00067 

.13867 

.01700 

61,000 

.17467 

.  03234 

0.00400 

0.  00033 

0.17067 

0.03200 

62,000 

0.  26833 

0.  09366 

(*) 

(*) 

(*). 

f) 

*  Specimen  broke. 
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GENERAL  SUMMARY. 

Specific  gravity 

Tensile  strength,  per  square  inch pounds..        62,000 

Elastic  limit pounds..        19,000 

Extension,  perinch,  at  elastic  limit inch..      0.00133 

Extension,  perinch,  at  rupture inch..      0.26833 

Hardness 

Original  area  of  cross-section square  inch..        0.3048 

Area  after  rupture sou  are  inch . .        0. 1688 

Position  of  rupture One-fourth  from  shoulder. 

Character  of  fracture Close  fibrous. 


Specimrx  II. — Table  showing  the  extengioiif  restoratianj  and  permanent  setj  per  inch  in 
length,  caused  by  the  undei'-mentioned  weightSj  per  square  inch  of  section,  acting  on  a  solid 
cylinder  of  steel,  3  inches  long  {between  shoulders)  and  0.450  inch  diameter ,  taken  from 
Inreech-reoeiver  No,  2,  for  ll-inch  breech-loading  r(fle. 

[Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheffield,  England.] 


U 

Wo 

1^ 


Pounds, 

1,000 

2,000 

3.000 

4,000 

5,000 

6,000 

7,000 

8,000 

0,000 

10.000 

11,000 

12,000 

13.000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20.000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27.000 

28,000 

29,000 

30,000 

31,000 

32.000 

33,000 

34. 000 

35,000 

36,000 

37,000 

38.000 

39, 000 

40.  000 

41,  000 

42.  000 

43,  000 

44.  000 

45,  000 

46.  000 

47,000 

48,000 

49.  000 

50.000 

51,  000 

52,000 

53,000 

54,000 

5.5,000 

56,000 

B 

a  S 

H 


Inches. 
0.00000 
.00000 
.OOOiM) 
.00000 
.00000 
.00033 
.00033 
.00033 
.00033 
.00033 
.00033 
.00038 
.00067 
.00067 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00183 
.00333 
.00467 
.00633 
.00800 
.00867 
.  01033 
.  01133 
.01167 
.01300 
.01400 
.01533 
.01600 
. 01833 
.01967 
.02133 
.02300 
.  02467 
.  02667 
.02900 
.  03100 
.  03333 
.  03533 
.  03767 
.  04033 
.  04633 
.04H33 
.  05100 
.05333 
.05833 
.  06233 
.06833 
.07433 
.08067 
.08933 


®  a 


I 


a: 


«» 


Inehe». 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00033 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00200 
.00134 
.00108 
. 00167 
.00167 
.00166 
.00100 
.00034 
00133 
,00100 
.00133 
.00067 
.  00233 
.00134 
.  00166 
. 00167 
.00167 
.00200 
.00233 
.  00200 
.00233 
. 00200 
.  00234 
.00266 
.00600 
.  00200 
.  00267 
.  00233 
.00500 
.00400 
.00600 
.00600 
.00634 

0.00866 


j4 

®  3 
*»^ 

el  d 

CD  d 


OS  ^ 

n 

d'^ 
§  S  d 

§33.21 

CO 


Inches. 

hvches. 

0.00000 

0.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00033 

.00033 

. 00033 

.00000 

.00033 

.00000 

.  00033 

.00000 

.00033 

.00000 

.  00033 

.00000 

.00033 

.00000 

.00067 

.00034 

.00067 

.00000 

.00100 

.00033 

.00100 

.00000 

.00100 

.00000 

.00100 

.00000 

.00100 

.00000 

.00100 

.00000 

.  00100 

.00000 

.00067 

— .  00033 

.00100 

.00033 

.00067 

—.00033 

.00100 

.00033 

.00167 

.00067 

.  00133 

—.00034 

.00167 

.00034 

.00167 

.00000 

.00133 

—.00034 

.00133 

.00000 

.00133 

.00000 

.00133 

.00000 

.00133 

.00000 

.00167 

.00034 

.00167 

.00000 

.00167 

.00000 

.00167 

.00000 

.00167 

.00000 

.  00200 

.00033 

.00200 

.00000 

.00200 

.00000 

.00200 

.QOOOO 

. 00167 

— .  00033 

. 00200 

.  00033 

.  00233 

.  00033 

.  00233 

.00000 

.  00267 

.00034 

.00267 

.00000 

. 00233 

— .  00034 

.00267 

.00034 

. 00200 

—.00067 

.00267 

.00067 

.00333 

.00066 

.00300 

^00033 

0. 00233 

—.00067 

2  d 

1-9 
s  u 

9 
P4 


Inches, 
0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00067 
.00283 
.00400 
.00533 
.00633 
.00733 
. 00867 
.00967 
.01033 
.01167 
.01267 
.01400 
. 01467 
.01667 
.01800 
.01967 
.02133 
.02300 
.02467 
.  02700 
.02900 
.  03133 
.03367 
.03567 
.03800 
.04400 
.04567 
.04833 
.05100 
.  05.567 
.06033 
.06567 
.07100 
.07767 
0. 08700 


n 

GO 


Inches. 
0.00000 

.ooooe 

.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00067 
.00166 
.00167 
.00133 
.00100 
.00100 
.00134 
.00100 
.00066 
.00134 
.00100 
.00133 
.00067 
.00200 
.00133 
.00167 
.00166 
.00167 
.00167 
.  00233 
.00200 
.00233 
.00234 
.00200 
.00233 
.00600 
.00167 
.00266 
.00267 
.00467 
.00466 
.00534 
.00533 
.00667 
0.00933 
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Specimen  II. — Table  showing  the  extensUmy  restoration,  ^o. — Continaed. 


Weight,  per  square 
inch  of  section. 

Extension,  per  inch 
in  length. 

Successive      exten- 
sion, per  inch  in 
length. 

Restoration,  per 
inch  in  length. 

Successive  restora- 
tion, per  inch  in 
length. 

Permanent  set,  per 
inch  in  length. 

Successive    perma- 
nent set,  per  inch 
in  length. 

Potmdi. 

Inehe*. 

Inches. 

Inches, 

Inches. 

Inches. 

Inches. 

057, 000 

0. 09867 

0.00934 

0.00300 

0.00067 

0.09567 

0.00867 

58,000 

.11100 

.01233 

.00333 

.00033 

.10767 

.01200 

59,000 

.12667 

.01565 

.00400 

.00067 

.12267 

.01500 

60,000 

.14700 

.02033 

.00333 

—.00067 

.14367 

.02100 

61,000 

.19100 

.04400 

0.00400 

0.00067 

0.18700 

0.04333 

62,000 

0.28933 

0.09833 

(*) 

(*) 

(*) 

(*) 

*  Specimen  hroke. 

GENERAL  SUMMARY. 

Speclflo  gravity 

TimsUe  strength,  i>er  square  inch pounds. .        62, 000 

Elastic  limit pounds..        22,000 

Extension,  per  inch,  at  elastic  limit inch..      0.00133 

Extension,  per  inch,  at  rupture inch..      0.28883 

Hardness 

Original  area  of  cross-section square  inch..        0.3038 

Area  after  rupture square  inch . .        0. 1590 

Position  of  rupture Near  middle . 

Character  of  fracture Close  fibrous. 

Spbcimen  UI. — Table  showing  the  extension,  restoration,  and  permanent  set,  per  inch  in 
length,  caused  by  the  undermentioned  weights,  per  square  inch  of  section,  acting  on  a  solid 
cylind!er  of  steel,  3  itiches  long  {between  shoulders)  and  0.622  inch  diameter,  taken  from 
breech-receiver  No.  2,  for  ll-indh  breech-loading  rifle. 

[Fumiahed  by  Thomas  Firth  &  Sons,  Norfolk  "Works,  Sheffield,  England.] 


t,  per  square 
of  section. 

ion,  per  inch 
length. 

Successive     exten- 
sion per  inch  in 
length. 

ration,  per 
in  length. 

Bive  restora- 
per  inch  in 
h. 

sent  set,  per 
in  length. 

Successive    perma- 
nent set  per  inch 
in  length. 

1-^ 

Extene 
in 

Resto 
inch 

Succesj 
tion, 
lengt 

la 

Pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00033 

.00033 

.00033 

.00033 

.00000 

.00000 

5,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

6,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

7,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

8,000 

.00033 

.00000 

.000.33 

.00000 

.00000 

.00000 

9.000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

10,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

11,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

12,000 

.00033 

.00900 

.00033 

.00000 

.00000 

.00000 

13,000 

.00033 

.00000 

.00033 

.00000 

00000 

.00000 

14,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

15,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

.  16,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

17,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

18,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

10,000 

.00133 

.00066 

.00100 

.00083 

.00033 

.00033 

20,000 

.00288 

.00100 

.00100 

.00000 

.00133 

.00100 

21,000 

.00300 

.00067 

.00100 

.00000 

.00200 

.00067 

22,000 

.00400 

.00100 

.00100 

.00000 

.00306 

.00100 

28,000 

.00467 

.00067 

.00100 

.00000 

.00367 

.00067 

24,000 

.00533 

.00066 

.00100 

.00000 

.00433 

.00066 

25,000 

.00633 

.00100 

.00133 

.00033 

.00500 

.00067 

26,000 

.00700 

.00067 

.00183 

.00000 

.00567 

.00067 

27,000 

.00767 

.00067 

.00133 

.00000 

.00633 

00066 

28,000 

.00900 

.00133 

.00100 

—  .00033 

.00800 

.00167 
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Specimen  III. — Table  showing  the  exieiuionj  reetaraUon,  ^o, — Continued. 


e 

-g 

aa 

S 

iB 

*-S 

3g 

.9 

.4 

1^ 

i-S 

^a 

u 

set, 
engt 

H 

gi 

IS.J 

rat 
inl 

IS 

$n3 

GQ 

•a-s 

a. a 

i<rB 

o^ 

*>  o 

l«f 

if 

» 

ill 

QQ 

OS 

is 

Poundi. 

Ineke$. 

Inehei. 

Inehei. 

Indies. 

IfusheM. 

^Tv^'vWvs 

29,000 

0.00967 

0.00067 

0.00100 

0.00000 

0.00867 

0.00067 

30.000 

.01067 

.00100 

.00133 

.00038 

.00933 

.00066 

31,000 

.01200 

.00133 

.00133 

.00000 

.01067 

.00184 

32,000 

.01300 

.00100 

.00167 

.00034 

.01133 

.00066 

33,000 

.01433 

.00133 

.00167 

.00000 

.01267 

.00134 

34,000 

.01567 

.00184 

.00138 

—  .00034 

.01488 

.00166 

35,000 

.  01700 

.00138 

.00183 

.00000 

.01567 

.00134 

9e,ooo 

.01800 

.00100 

.00133 

.00000 

.01667 

.00100 

87,  000 

.01967 

.00167 

.00133 

.00000 

.01833 

.00166 

88,000 

.02133 

.00166 

.00167 

.00084 

.01967 

.00134 

89,000 

.02438 

.00800 

.00167 

.00000 

.02267 

.00300 

40,000 

.02567 

.00134 

.00167 

.00000 

.02400 

.00133 

41,000 

.02733 

.00166 

.00167 

.00000 

.02567 

.00167 

42,000 

.02867 

.00134 

.00167 

.00000 

.02700 

.00133 

43,000 

.03083 

.00166 

.00200 

.00038 

.02838 

.00133 

44,000 

.03300 

.00267 

.00283 

.00038 

.03067 

.00234 

45,000 

.03433 

.00183 

.00200 

—  .00033 

.03233 

.00166 

46,000 

.03900 

.00467 

.00233 

.00038 

.03667 

.00434 

47.000 

.04167 

.00267 

.00233 

.00000 

.03933 

.00266 

43,000 

.04367 

.00200 

.00233 

.00000 

.04133 

.00200 

40,000 

.04700 

.00338 

.00267 

.00034 

.04433 

.00300 

50,000 

.05100 

.00400 

.00200 

-  .00067 

.04900 

.00467 

51,000 

.05533 

.00483 

.00300 

.00100 

.05233 

.00833 

52,000 

.06067 

.00534 

.00233 

—  .00067 

.05838 

.00600 

58.000 

.06667 

.00600 

.00300 

.00067 

.06367 

.00534 

54,000 

.06867 

.00200 

.00233 

—  .00067 

.06633 

.00266 

55,000 

.07867 

.01000 

.00300 

.00067 

.07567 

.00934 

56,000 

.08333 

.00466 

.00300 

.00000 

.08033 

.00406 

57.000 

.00500 

.01167 

.00300 

.00000 

.09200 

. 011C7 

58.000 

.10233 

.00733 

.00333 

.00033 

.09900 

.00700 

59.000 

.11800 

.01567 

.00333 

.00000 

.11467 

.01567 

60,000 

.13700 

.01900 

.00367 

.00034 

.13333 

.01866 

61,000 

.16900 

.03200 

0.00400 

0.00083 

0.16600 

0.03167 

62,000 

0.30867 

0.13467 

(*) 

(*) 

(*) 

(•) 

*  Specimen  broke. 


GENERAL  SUMMARY. 

Specific  eravity - 

Tensile  nrength,  per  square  inch pounds..        62,000 

Elaatic  limit pounds..        19,000 

Extension,  per  inch,  at  elastic  limit inch..      0.00138 

Extension,  per  inch,  at  ruptnre inch..      0.80367 

Hardness 

Original  area  of  cross-section !! square  inch..      0.3088  ■ 

Area  after  rupture '. square  inch  - .      0. 1611 

Position  of  rupture .".!!J-- ^  from  shonlder. 

Character  of  fracture ' Fibrous. 
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Specimen  I.-^TabU  showing  the  exiensian,  rtstorAtUyn^    ^Mtzd    j>^rm€tn^nt   set^  j^^r  tfu 
lengthy  caused  by  tJie  undermentioned  weights,  per  square  i-Ptch.  erf   sc<:ti€>n^   €&cting  €nt  u 
cylinder  of  steely  3  inches  long  (between  shoulders)   and,    0.6!3!sS    i'ncH    dLiameteery   t€ihen  , 

Jn^eedi-receiver  for  12-incA  breech-Jociding  r\fled  howitzer^ 


[Fnrnisbed  by  Thomas  Firth  St  Sons,  Norfolk  'Wor^ks,  SliofiKeld,  Knslfuid.) 


Pounds, 
1,000 
2.000 
8,000 
4.000 
5,000 
8,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12.000 
13,000 
U.OOO 
15.000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26,000 
28.000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
86,000 
87,000 
38,000 
39,000 
40,000 
41.000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
67,000 
58,000 
50,000 
60.000 
61.000 


I 

%4 


i 


5 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00083 
.00033 
.00033 
.00033 
.00033 
.00033 
.00067 
.00067 
.00067 
.00067 
.00067 
.00100 
.00100 
.00100 
.00200 
.00233 
.00233 
.00300 
.00367 
.00467 
.00600 
.00700 
.00867 
.00967 
.01033 
.01167 
.01300 
.01467 
.01638 
.01767 
.  01933 
.02133 
.02300 
.02500 
.02667 
.02933 
.03133 
.03367 
.03600 
.04000 
.04300 
.04667 
.01933 
.05267 
.05500 
.06300 
.06633 
.07267 
.07033 
.08567 
.09533 
. 10733 
.12267 
.14100 
.18200 

0. 29100 


§•9 


Inehtt. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00000 
.00000 
.00000 
.00000 
.00000 
.00034 
.00000 
.00000, 
.00000 
.00000 
.00033 
.00000 
.00000 
.00100 
.00033 
.00000 
.00067 
.00067 
.00100 
.00183 
.00100 
.00167 
.00100 
.00066 
.00134 
.00133 
.00167 
.00166 
.00134 
.00166 
.00200 
.00167 
.00200 
.00167 
.00266 
.00200 
.00234 
.00233 
.00400 
.00300 
. 00367 
.00266 
.  00334 
.00233 
.00800 
.00333 
.00634 
.  vwxn 
.00634 
.00966 
.  01200 
.01534 
.01833 
. 04100 

0.10900 


I 


•.a 


A 


Inches. 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00083 
.00033 
.00033 
.00033 
.00033 
.00033 
.00067 
.  00067 
.00067 
.00067 
.00067 
.00100 
.00100 
.00100 
.00100 
.00100 
.00100 
.00067 
.00067 
.00133 
.00133 
.00133 
. 00133 
.00133 
.00167 
.00167 
.00167 
.00133 
.00167 
.00167 
.00133 
.00200 
.00200 
.00200 
.00200 
.00233 
.00200 
.00233 
.00233 
.00200 
.00233 
.00233 
.00233 
.00267 
.00300 
.00267 
.00267 
.0U300 
.00300 
.00300 
.00300 
.  003.33 
.00333 
. 00333 

0.00400 
(*) 


^  ^ 


c^ 


ooooo 
ooooo 
ooooo 
ooooo 
ooooo 

00038 

ooooo 
ooooo 
ooooo 
ooooo 
ooooo 

00034 

ooooo 
ooooo 
ooooo 
ooooo 

00033 

ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
oooaa 

ooooo 
ooooe 

ooooo 
Ooooo 
ooooo 

00<H»0 
00034 

ooooo 
ooooo 

00034 
00034 

Ooooo 

00034 
0006T 

ooooo 
ooooo 
ooooo 

00033 
00033 
00033 

ooooo 

00033 

ooojja 
ooooo 
ooooo 

00034 
00033 
00033 

ooooo 

00033 

ooooo 
ooooo 
ooooo 

00033 

ooooo 
ooooo 

00007 


*  Specimen  broke. 


C5 


ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooioo 

00133 
OOX33 

ooa;i3 

00300 
00333 
00-40T 
00^67 
. 00733 

00833 
. 00««7 

' oiooo 

•01X33 

• OX333 

•  Ol4e7 

• oieoo 

• 01800 
' 01933 

• 02X00 

•  o:j3oo 

►  02407 

-  02700 

-  02033 

' 03133 
' 03367 

-  03^00 

•  04007 

•  04-433 

■  04700 

•  OiSooo 

■  0^200 

■  00033 

•  oese? 

-  Oe067 

■  2''^033 

-  08207 

-  00233 

-  10400 

-  Jl»33 

•  137'07 

•  17800 


^  •I 


OQ 
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GBNBRAL  8UHHABT. 

Speeiilo  ffrftTity 

Tensile  nrength,  per  aqoare  inch pounds.. 

ELsetio  limit pounds.. 

Extension,  per  inch,  at  elastic  limit ^ inch.. 

Extension,  per  inoh,  at  rupture inch.. 

Hardness    


Original  area  of  cross-section square 

Area  after  rupture square 

Position  of  rupture 

Chacaoter  of  fracture Medium  gray,  fibrous  and  slightly 


7.827» 
61,000 
20,000 
0.002 
0.281 
18.080 
nch. .        0. 80iS 
inch..        0.1541 
from  shoulder, 
crystalline. 


Bpbcimsn  II. — Table  showing  the  extension,  resiorationf  and  permanent  set,  per  inch  in 
Ungth,  caused  by  the  undermontioned  weights,  per  square  inch  of  section,  acting  on  a  soUd 
oglinder  of  steel.  3  inches  long  (between  shoulders)  and  0.623  inch  diameter,  taken  /rant 
hreech-reoeiver  for  12'inch  breech-lo€uting  rifled  howitzer. 

< 
I  Furnished  by  Thomas  Firth  &  Sons,  Norfolk  Works,  Sheilield,  England.] 


il 

u 

exten- 
inch  in 

ion,  per 
ength. 

II 

la 

H 

Successive 
sion,  per 
length. 

•  a 

Successive 
tion,  per 
length. 

1^^ 

Pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1.000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

. 00000 

.00000 

.00000 

3,000 

.00033 

.00033 

.00033 

.  000.33 

.00000 

.00000 

4,000 

.00033 

.00000 

.00033 

.00000 

.00000 

.00000 

5,000 

.00033 

.00000 

.00083 

.00000 

.00000 

.00000 

6.000 

.  00033 

.00000 

.00083 

.00000 

.00000 

.00000 

7,000 

.00067 

.00034 

.00067 

.00034 

.00000 

.00000 

8,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

9,000 

.00067 

.00000 

.00067 

.  00000 

.00000 

.00000 

10,000 

.00100 

.00033 

.00100 

.00033 

.00000 

.00000 

11,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

12,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

13,000 

.00100 

.00000 

.00100 

.00000 

.00000 

.00000 

14.000 

.00133 

.00033 

.00133 

.00033 

.00000 

.00000 

15,000 

. 00133 

.00000 

.  00133 

.00000 

.00000 

.00000 

16,000 

.00133 

.00000 

.00133 

.00000 

.00000 

.00000 

17,000 

.00133 

.00000 

.00007 

—  .00066 

.00067 

.00067 

18,000 

.00200 

.00067 

.00067 

.00000 

.00133 

.0006« 

10,000 

.00300 

.00100 

.00100 

.00038 

.00200 

.00067 

20,000 

.00533 

.00233 

.00100 

.00000 

.00433 

.00233 

21.000 

.00567 

.00034 

.00100 

.00000 

.00467 

.00034 

22,000 

.00567 

.00000 

.00100 

.00000 

.00467 

.00000 

23,000 

.00567 

.00000 

.00100 

.00000 

.00467 

.00000 

24,000 

.00733 

.00166 

.00133 

.00038 

.00600 

.0013$ 

26,000 

■01067 

.00334 

.00167 

.00034 

.00900 

.00300 

26,000 

.01100 

.00033 

.00167 

.00000 

.00033 

.00033 

27,000 

.  01133 

.00033 

.00167 

.00000 

.00967 

.00034 

28,000 

.01167 

.00034 

.00133 

—  .00034 

.01033 

.00066 

20,000 

.01167 

.00000 

.00100 

—  .00033 

.01067 

.00034 

80,000 

.01200 

.00033 

.00133 

.00033 

.01067 

.00000 

81,000 

.  01233 

.00033 

.00100 

—  .00033 

. 01133 

.0006ft 

82,000 

. 01267 

.00034 

.00133 

.00033 

.  01133 

.00000 

33,000 

. 01333 

.00066 

.00167 

.00034 

.01167 

.00034 

84,000 

.01400 

.00067 

.00133 

—  .00034 

. 01267 

.  ooioo 

85,000 

.  01567 

.00167 

.00133 

.00000 

.01433 

.00166 

36,000 

.  01733 

.00166 

.00167 

.00084 

.  01567 

.00134 

37,000 

.  01933 

.00200 

.00200 

.00033 

.01733 

.  00166 

38,000 

.  02133 

.00200 

.00167 

—  .00083 

.01067 

.00234 

38,000 

.C2300 

.00167 

.00200 

.00033 

.02100 

. 00138 

40.000    1 

.02433 

.00133 

.00233 

.00033 

.02200 

. 00100 

41.000    1 

.02567 

.00134 

.00200 

—  .00033 

. 02367 

. 00167 

42.000 

.  02700 

.00183 

.00200 

.00000 

.02600 

.00133 

43.000 

.  02633 

.00133 

.00200 

.00000 

.02633 

.00133 

44,000 

.  030:)3 

.00200 

.00200 

.04)000 

.  02833 

. 00200 

45,000 

.  03233 

.00200 

.00233 

.00033 

.03000 

.00107 

46.000 

.03500 

.00267 

.00200 

—  .00033 

.03300 

.00300 

47,000 

.03733 

.00233 

.00267 

.00067 

.03467 

.00167 

48,000 

.04367 

.00684 

.00267 

.00000 

.04100 

.0063& 

48,000 

.04633 

.00266 

.00300 

.00033 

.04333 

.002dS 

50,000 

.04^3 

.00200 

.00267 

.00033 

.04567 

.00234 

.00283 

\       .00467 

SI,  000 

.06067 

.00234 

.00267 

.00000 

.04800 

«a»ooo 

.05667 

.00500 

.00800 

1    .00083 

.05267 
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Specimek  II. — Table  alunmng  extenHon,  restoraUonf  <fe. — Continued. 


Weight,  per  sqnare 
incn  of  section. 

xtension,  per  inch 
in  length. 

uocessive     exten- 
sion, per  inoh  in 
length. 

estoration  per 
inch  in  length. 

nccessive  restora- 
tion, per  inch  in 
length. 

ermanent  set,  per 
inoh  in  length. 

looesciTe    perma- 
nent set,  per  inch 
in  length. 

H 

dQ 

(4 

CQ 

A4 

OQ 

Pounds. 

Jneheg. 

Jnehes. 

Jnchst. 

Inehet. 

Inehsi, 

Jnckst. 

53,000 

.06800 

.00238 

.00300 

.00000 

.05500 

.00288 

54,000 

.06533 

.00733 

.00300 

.00000 

.06233 

.00738 

65,000 

.07000 

.00467 

.00300 

.00000 

.06700 

.00467 

56,000 

.07683 

.00633 

.00267 

—  .00033 

.07367 

.00667 

57,000 

.08488 

.00800 

.00300 

.00038 

.08138 

.00766 

58,000 

.00500 

.01067 

.00300 

.00000 

.00200 

.01067 

50.000 

.10767 

.01267 

.00300 

.00000 

.10467 

.01267 

eo.ooo 

.11967 

.01200 

.00338 

.00038 

.11633 

.01166 

61,000 

.14983 

.02006 

0.00367 

0.00034 

0.14567 

O.O2084 

62,000 

0.22667 

0.07734 

(•) 

(*) 

(*) 

• 

*  Specimen  broke. 

GENEBAL  SITMMAItY. 

Specific  gravity 7.9422 

Tensile  etrengthf  per  square  inch ponnda..    62,000 

Elastic  limit pounds..    17,000 

Extension,  per  inoh^  at  elastic  limit inch..      0.00138 

Extension,  per  inch,  at  rnptiure inch..      0.23667 

Hardbness 12.716 

Original  area  of  cross-section square  inch . .      0. 8048 

Area  after  rupture square  inch..      0.1794 

Position  of  rupture h  from  center. 

Character  of  fracture Mixed,  erystalline,  and  half  fibrous. 

Specimen  III. — Table  aJuywing  the  exteneian,  rettoratianj  and  permanent  eeif  per  inch  in 
lengthy  caused  by  the  undermentioned  weightSj  per  square  inoh  of  sectionf  acting  on  a  solid 
cylinder  of  steely  3  inches  long  (between  shoulders)  and  0.623  inoh  diameter j  taken  from 
breech-receiver  for  \%inch  breech-loading  HJled  howitzer. 

[Furnished  bj  Thomas  Firth  8c  Sons,  Norfolk  Works,  Sheffield,  England.] 


inch 

ten- 
h  in 

K 

If 

^. 

rma* 
inch 

b,i)er  sq 
ofsectio 

ion,  per 
length. 

sive  ex 
per  inc 

ration, 
in  lengt 

nccessive  res 
tion,  per  incl 
length. 

ermanent  set 
inch  in  lengt 

acoessive    pe 
nent  set,  per 
In  length. 

Weighl 
inch 

xtens 
in 

Qocesi 

sion, 

lengt 

esto 
inch 

» 

OQ 

K 

OQ 

Px 

w 

Pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

3,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

4,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

'  5,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

6.000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

7,000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

8,000 

.00033 

.00033 

.00088 

.00033 

.00000 

.00000 

9,000 

.00067 

.00084 

.00067 

.00084 

.00000 

.00000 

10,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

11,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

12,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

13,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

14,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

15,000 

.00067 

.00000 

.00067 

.00000 

.00000 

.00000 

16,000 

.00100 

.00033 

.00100 

.00033 

.00000 

.00000 

17,000 

.00100 

.00000 

.00067 

»  .00083 

.00033 

.00083 

18.000 

.00133 

.00033 

.00100 

.00033 

.00033 

.00000 

19.000 

.00167 

.00034 

.00067 

~  .00083 

.00100 

.00067 

20,000 

.00200 

.00033 

.00067 

.'00000 

.00133 

.00033 

21,000 

.00300 

.00100 

.00067 

.00000 

.00233 

.00100 

22,000 

.00367 

.00067 

.00100 

.00038 

.00267 

.00034 

23.000 

.00500 

.00133 

.00133 

.00033 

.00367 

.00100 

24.000 

0.00567 

0.00067 

0.00100 

—0.00033 

0.00467 

0.00100 
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Bpsgimbn  lI,—^Tdble  showing  the  extennon,  restoraHoHj  ^c — Continued. 


1 ' 

ii 

exten- 
'  inch  in 

ion,  per 
ength. 

21 

ft 

penna- 
per  inch 

• 

xtenaion, 
in  len 

acceaaive 
Bion.  pel 
length. 

.eatorat 
inch  in  1 

acceaaive 
tion,  per 
length. 

ermanent 
inch  in  1 

icceaaive 
nentset, 
in  length 

H 

OQ 

n 

00 

fk 

00 

Pounds. 

Inch«§. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

25.000 

.00667 

.00100 

.00100 

.00000 

.00567 

.00100 

20,000 

.00767 

.00100 

.00100 

.00000 

.00667 

.00100 

27.000 

.00900 

.00133 

.00138 

.00038 

.00767 

.00100 

28.000 

.00967 

.00067 

.00138 

.00000 

.00638 

.00066 

29.000 

.01100 

.00133 

.00133 

.00000 

.00967 

.00134 

30,000 

.01267 

.00167 

. 00188 

.00000 

.  01133 

.00166 

81,000 

.01367 

.00100 

.00167 

.00034 

.01200 

.00067 

32,000 

.01567 

.00200 

.00200 

.00033 

.  01367 

.00167 

38,000 

.01700 

.00133 

.00167 

—  .00083 

.01633 

.00166 

34.000 

.01800 

.00100 

.00200 

.00033 

.01600 

.00067 

35,000 

.01988 

.00133 

.00167 

—  .00038 

.01767 

.00167 

30,000 

.02167 

.00234 

.00167 

.00000 

.02000 

.00238 

37,000 

.02333 

.00166 

.00167 

.00000 

.02167 

.00167 

38,000 

.02533 

.00200 

.00167 

.00000 

.02867 

.00200 

39,000 

.02788 

.00200 

.00200 

.00038 

.02583 

.00166 

40,000 

.02867 

.00134 

.00167 

—  .00033 

.02700 

.00167 

41.000 

.03067 

.00200 

.00200 

.00033 

.02867 

.00167 

42,000 

.03300 

.00233 

.00200 

.00000 

.03100 

.00233 

48,000 

.03500 

.00200 

.00200 

.00000 

.08800 
.0MS3 

.00200 

44,000 

.03867 

.00367 

.00288 

.00088 

.00833 

45,000 

.04067 

.00200 

.00233 

.00000 

.08838 

.00200 

46.000 

.04300 

.00233 

.00233 

.00000 

.04067 

.00234 

47,000 

.04838 

.00533 

.00267 

.00034 

.04567 

.00500 

48,000 

.05067 

.00231 

.00288 

—  .00034 

.04833 

.00266 

40,000 

.05600 

.00533 

.00267 

.00084 

.05888 

.00500 

50,000 

.05938 

.00333 

.00267 

.00000 

.05667 

.00384 

51.000 

.06533 

.00600 

.00300 

.00033 

.06233 

.00566 

52,000 

.06800 

.00267 

.00267 

—  .00033 

.06538 

.00800 

58,000 

.07000 

.01100 

.00267 

.00000 

.07688 

.01100 

54,000 

.08233 

.00333 

.00383 

.00066 

.07900 

.00267 

56,000 

.09367 

.01134 

.00300 

—  .00033 

.09007 

.01167 

50.000 

.10433 

.01066 

.00300 

.00000 

.10183 

.01066 

57.000 

.11967 

.01534 

.00833 

.00033 

.11688 

.01500 

68,000 

.13483 

.01466 

.00888 

.00000 

.18100 

.01467 

69,000 

.16933 

.03500 

0.00867 

0.00034 

0.16567 

0.08467 

60,000 

0.20283 

.12800 

(•) 

(*) 

(*) 

(•) 

*  Specimen  broke. 

GENERAL  SUMliABY. 

Specific  gravity 7.9281 

Tenaile  atrength,  per  aqoare  inch poonda..  60,000 

Slaatic  limit poonda..  17.000 

Extension,  per  inch,  at  elaatic  limit inch..      0.00100 

Extenaion,  per  Inch,  at  roptore inch..      0.29283 

Hardneaa 16.432 

Original  area  of  croaa-sectlon aqoare  inch..      0.8048 

Area  after  roptore aqoare  inch..      0.1647 

Poaition  of  roptore '. i  from  center. 

Character  of  xractore Mediom  gray,  oryataUine  predominating. 

31  OBD 
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APPENDIX  37  *. 
PBOORESS  REPORT  ON  EXPERIMENTAL  CANNON  POWDERS. 

The  experiments  in  powders  daring  the  past  year  have  been  limited 
chiefly  to  snch  trials  as  have  had  in  view  the  determination  of  the  most 
suitable  powder  for  the  11-inch  chambered  rifle. 

To  give,  however,  a  clear  and  connected  view  of  the  results  obtained 
in  relation  to  those  which  have  been  presented  previously,  as  well  as  to 
furnish  data  for  comparison,  it  will  be  necessary  to  go  back  to  some  of 
the  trials  of  the  preceding  years  with  the  11-inch  unchambered  rifle,  and 
pass  them  in  brief  review. 

In  the  early  trials  of  the  latter  gun,  during  the  month  of  August, 
1879,  there  was  employed  a  hexagonal  powder,  of  the  F.  P.  type— den- 
sity 1.785,  granulation  67 — ^the  results  with  which  were  not  at  all  satis- 
factory, notwithstanding  that  the  same  powder  had  done  well  both  with 
the  10  inch  and  the  12«25-inch  unchambered  rifles.  It  was  not  found 
practicable  with  the  11-inch  rifle  to  increase  the  charge  of  F.  P.  powder 
beyoiid  75  pounds  for  a  projectile  of  500  pounds,  without  a  resulting 
pressure  of  more  than  40,000  pounds  per  square  inch  of  bore--a  pressure 
that  was  deemed  inadmissible  for  the  accompanying  low  velocity  of  1,375 
feet  imparted  to  the  projectile. 

The  indications  all  pointed  towards  a  slower-burning  powder  and  a 
larger  charge.  Several  trial  samples  were  accordingly  procured  from  the 
Messrs.  Du  Pont,  varying  from  one  another  in  density  and  granulation, 
and  even  in  form  of  grain.  These  powders,  marked  H.  B.,  H.  S.,  I.  G., 
I.  H.,  &c.,  are  described  on  pages  85-90  of  the  Beport  of  the  Chief  of 
Ordnance  for  1879,  and  were  tested  in  the  11-inch  rifle  in  October  of  the 
same  year.  The  sample  I.  H.,  density  1.800,  granulation  40,  was  se- 
lected as  the  most  promising,  and  an  order  given  to  Messrs.  Du  Pont  for 
the  manufacture  of  a  sufficient  quantity  to  carry  on  the  trial  of  the  11- 
inch  unchambered  rifle.  As  compared  with  the  F.  P.  and  I.  G.  pow- 
ders, the  results  obtained  with  the  sample  I.  H.  are  shown  in  the  fol- 
lowing table: 


Date. 

i 
1 

1 

Gnn. 

Powder. 

1 

■.a 

o 

1 

a 

Natnre. 

Weight. 

1879. 
Aug.      4 

Aug.    14 
Oct.       7 

1 

2 

1 
1 

11"  mnsr.le*load- 
ing  rifle  No.  1 
(not  chambered). 

....do.... 

?F.  P.  C.  hexagonal \ 

J        D.— 1.785:  Gr.=e7.          5 

C  F.  P.  B.  hexagonal ) 

D.— 1.785:  Gr.=e7.          $ 

5  I.  G.  hexagonal ) 

{         D.— 1.770:  Gt.=40.          | 

CI.  H. hexagonal \ 

\        D.— l.§l)0:  Gr.=40.         > 

Poundi. 
TO 

70 
70 
70 

Pounds. 
603 

506 

• 

604 
506 

FeeL*   Pomdt. 
1.305      89,000 

1. 278      lu  SAO 

...  .do  •••••.••.... 

1.320 
1,237 

37.  MO 
28,500 

Oct       7 

....do 

The  weight  of  charge  with  the  I.  H.  powder  was  increased  gradually 
even  to  95  pounds,  though  90  pounds  was  adopted  as  the  charge  for 
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continuing  the  proof-taials  of  the  gon.  The  weight  of  the  projectile  was 
also  increased  to  550  pounds.  The  average  results  obtained  fi[X)m  firing 
172  rounds  are  shown  in  the  following  table: 


Date. 

4 

1 

172 

• 
Gun. 

Powder. 

i 

it 

1 

1 

P 
1^ 

Natme. 

Weight. 

Oct., '79,  to 
Feb.,*80. 

11"  muzzle-load- 
iag  rifle  No.  1 
(not  chambered). 

)lH.  (A)  hexagonal ) 

J        D.=1.800:  Gr.=40.          5 

Poundt. 
90 

Poundt. 
548 

PmL 
1,852 

Poundi, 
29,360 

The  above  firings  were  interspersed  at  intervals  with  firings  of  75- 
pound  charges  of  F.  P.  powder,  and  a  projectile  of  500  x>ounds  weight — 
the  high  pressures  obtainable  with  the  latter  powder  declining  somewhat 
as  the  season  advanced.  The  results  which  have  been  given  above  will 
prove  interesting  in  comparison  with  those  obtained  fi*om  the  use  of 
the  same  powders  in  the  11-inch  chambered  rifle,  which  will  now  follow. 

11-INCH  MUZZLELOADINa  CHAMBERED  RIFLE. 

This  gun  was  chambered  originally  for  a  charge  of  120  pounds  pow- 
der, allowing  33.41  cubic  inches  pf  space  per  pound  of  powder. 
The  average  result  obtained  with  the  I.  H.  (A)  powder  were  as  follows : 


Date. 

1 

6nn. 

Powder. 

Weight  of  project- 
ile. 

1 

D 

'    Nature. 

Weight. 

1881. 
Jan.     12 

Jan.     12 

2 
2 

11'/  mozale-load- 
log  chambered 
xifle  No.  2. 

)LH.(A)hexacoiial \ 

^        D.=1.800:  Gr.=40.          5 

do 

Poundt. 
U5 
120 

Poundt. 
551 
551 

PteL 

1,401 

1,418 

Poundt, 
81,750 
83,000 

These  results  were  not  deemed  satisfibctory,  and  accordingly  a  quicker 
powder,  the  F.  P.  (G),  was  tried.  The  average  results  obtained  were  as 
follows : 


Date. 


-4 
|1 

9^ 


1881. 
Jan.  16..  . 


.Jan.  17  and  18 
Jan.  19  and  20 
Jan.  28 


2 
3 
I 


Gun. 


11"  mn  axle -loading 
chambered  rifle  No. 
3. 

do 

do 

do 


Powder. 


Nalora. 


Da  Pont'eF.  P.  (C)  hex- 
agonal; D.=1.785:  Gr. 


.do. 
.do. 
.do. 


Weight 


Lbt. 
UO 


115 
120 
1221 


F  Pi 


Lbt, 
548 


548 
648 
548 


h 


PuL 
1,848 


1,401 
1,482 
1,488 


h  o 

0% 


Lbt. 

81,000 


81,250 
80^750 
41,000 
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The  charge  of  122}  poands  appears  to  have  been  too  large  for  the  size 
of  the  chamber,  as  the  pressure  had  increased  over  4,000  pounds  for  a 
corresponding  augmentation  in  the  velocity  of  only  6  feet.  It  was  hoped 
to  have  obtained  a  velocity  of  about  1,500  feet  from  this  gun,  without 
incumng  a  higher  pressure  than  40,000  pounds  p^er  sqiiare  inch  of  bore : 
but,  judging  from  the  foregoing  results,  the  attainment  of  this  end  dia 
not  seem  probable  with  a  charge  of  125  pounds  of  powder. 

The  number  of  volumes  of  expansion  for  the"  11-inch  chambered  rifle, 
using  a  charge  of  120  pounds  of  powder,  was  5.31,  while  in  the  8-inch 
chambered  rifle,  using  a  charge  of  55  pounds  of  powder,  the  number  is 
only  4.52:  it  was,  therefore,  thought  that  the  chamber  of  the  11-inch 
rifle  could  be  advantageously  enlarged,  so  as  to  contain  a  charge  of  pow- 
der, say,  of  130  pounds.  This  was  accordingly  done  by  lengthening  the 
cylindrical  portion  of  the  chamber,  and  thus  throwing  forward  the  front 
bevel  or  shoulder.  The  precise  amount  of  the  elongation  was  deter- 
mined by  calculations  based  upon  a  cbarge  of  130  pounds,  and  an  allow- 
ance of  33.75  cubic  inches  space  per  pound  of  powder.  With  the  cham- 
ber thus  enlarged,  the  number  of  volumes  of  expansion  was  4*922.  The 
trials  were  then  continued  with  F.  P.  (C)  hexagonal  powder,  gradually 
increasing  the  charge  to  130  pounds.  The  average  results  were  aa  fol- 
lows: 


Date. 


1881. 
Mar.  12 

Kar.  12 
Mar.  12 


.SI 


1 

2 


Gun. 


11 -inch   muzzle-loading 
chamberecl  rifle  No.  2. 

do 

do 


Powder. 


Nature. 


Du  Pout's  F.  P.  (G)  hexag- 
onal;  D.=].785;  Gr.=67. 

do 

do 


Weight. 


125 

1274 
130 


htof 
otile. 

Ub9. 

II 

> 

FeeL 

550 

1,457 

5S0 

1,480 

M9 

1,474 

I.  o 

■       o 
«  I-  E 


Lb$. 
35^500 

37,500 
39.000 


The  charge  of  127^  pounds  gave  the  best  results  on  the  above  date; 
but  upon  repeating  the  same  charge  a  few  days  afterwards,  the  velocity 
fell  to  1,453  feet,  and  a  like  result  was  obtained  still  a  month  later. 
With  the  I.  H.  (A)  powder  the  results  obtained  were  as  follows : 


Bate. 

Number  of 
rounds. 

Gun. 

Powder. 

Weight  of 
projectile. 

Velocity  at 
108  feel. 

1.  o 

■  n  . 

Nature. 

Weight 

Pros 
perl 
bore 

1881. 
Apr.  28 

Apr.  28 

1 
1 

11"     muzzle-loading 

chambered  rifle  Na  2. 
do 

Du  Pout's  L  H.  (A)  hexag- 
onal; D.=1.800;  Gr.=«. 
......do 

125 
180 

Lb9. 

560 
550 

FeeL 
1.827 

1,852 

28,500 
26,500 

The  velocities  so  far  obtained  were  all  l)elow  the  standard  desired, 
and  measures  were  therefore  taken  to  procure  some  new  samples  for 
trial.  The  first  sample  tested,  marked  I.  L.,  was  a  hexagonal  powder, 
density  1.750,  granulation  67,  but  in  which  the  usual  service  propor- 
tions of  the  in^^ients  had  been  varied  by  a  reduction  in  the  saltpeter 
of  5  per  cent.  This  change  in  the  composition  ws^  authorized  on  the  rec- 
ommendation of  the  Messrs.  Du  Pont,  who  were  of  the  opinion  that  such 
a  powder  would  give  very  favorable  results  when  employed  in  large 
charges,  owing  to  the  formation  of  the  carbonic  oxide  in  place  of  tJie 
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carbonic  acid  gas.  "  Such  a  powder,"  they  state,  "  whilst  burning,  yields 
nearly  double  the  quantity  of  gas  that  the  ordinary  powder  does;  at  the 
same  time  the  heat  of  combustion  is  much  less,  and  there  should  be  less 
pressure  before  the  l^all  moves,  and  much  less  decreasing  pressure  as 
the  ball  moves  to  the  muzzle.'^  In  other  words,  it  is  realizing,  after  a 
different  manner,  the  very  conditions  sought  to  be  obtained  by  air-spacing, 
itself,  i.  6.,  the  production  of  a  body  of  gas  large  in  volume,  but  of  low 
tension.  The  Messrs.  Du  Pont  believed  the  above  statement  to  be 
borne  out  in  the  experiments  made  at  Fort  Monroe  Arsenal,  from  Octo- 
ber 28  to  November  1, 1875,  with  an  8-inch  Amesrifle^  firing  35  pounds  of 
powder  marked  O.  K.,  made  as  above,  and  a  projectile  of  176^  pounds. 
The  pressure  averaged,  on  the  internal  pressure-gauge,  22,900  pounds, 
and  the  velocity  averaged  1,397  feet,  which  was  fair  for  such  a  low  press- 
ure. The  first  proposition  of  the  Messrs.  Du  Pont  was  to  employ  a 
charge  of  170  pounds  with  the  11-inch  rifle,  and  to  make  the  powder  of 
a  granulation  of  50  to  the  pound,  and  to  maintain  the  same  porosity  of 
grain  as  in  the  F.  P.  powder.  The  replacement  of  a  heavy  substance 
like  niter  by  a  lighter  one  like  charcoal  would,  of  course,  lower  the  den- 
sity somewhat.  It  did  not  appear  admissible,  however,  to  employ  so 
large  a  charge  in  a  gun  of  which  the  length  of  bore  was  only  14.3  cali- 
bers ;  and,  besides,  the  capacity  of  the  chamber  limited  the  weight  of 
charge  that  could  be  well  employed  to  about  130  or  135  pounds.  To 
compensate  in  a  measure  for  this  restriction,  the  powder-makers  were 
directed  to  increase  the  granulation  to  67,  keeping  the  density  at  1.750, 
as  first  proposed.  It  was  thought  that  this  powder,  even  with  a  charge 
of  130  pounds,  would  afibrd  considerable  information  as  to  the  utility  of 
pursuing  experiments  in  the  direction  of  a  change  in  the  service  compo- 
sition of  powder.  The  records  of  firing  with  the  I.  L.  powder  were  as 
follows : 


Dftte. 


1881. 
March  17 


March  17 
Muroh  17 
March  17 


I 


I 


1 
1 
1 


Gun. 


11''  mnszle-load- 
ing  chambered 
rifie  No.  2. 

...do 

— do 

...do 


Povder. 


Nature. 


{ 


Da  Fonts  L  L.  hexagonaL 
D.=1.76U:  Qr.=«7. 


.do 
.do 
.do 


\ 


Weight 


PoundM. 

120 

125 
130 
185 


•^ 

9 

s 

<£ 

-? 

S 

tofp 
ile. 

xi 

a 

^ 

9 

I 

> 

Poundi. 

FuL 

548 

1,313 

646 

1,361 

546 

1,372 

546 

1,314 

u 

AS 

2*3 


Poundit 

26,500 

28,600 
30,000 
81,500 


The  first  three  of  the  above  rounds  show,  by  the  regular  increase  of 
velocity  and  pressure,  a  very  uniformly  burning  powder;  but  the  charge 
(135  pounds)  was  obviously  too  large.  The  results,  as  regards  velocity, 
were  not  satisfactory.  Yet,  it  appears  not  unreasonable  that  with  a 
much  longer  gun,  and  using  a  considerable  larger  charge,  a  powder  of 
this  particular  description  should  prove  of  decided  advantage.  Further 
experiments  in  this  direction,  it  is  thought,  would  be  well  worth  trying. 

The  next  powder  that  was  tried  in  the  gun  was  of  the  P.  P.  type — P. 
P.  (D),  density  1.785,  granulation  67 — of  which  a  large  lot  had  been  pro- 
cared  for  use  with  the  8-inch  chambered  rifles.  This  powder,  manufac- 
tured in  winter  time,  proved  to  be  of  a  mild  quality,  averaging,  with  a 
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130-poniid  charge  and  shot  of  544  ponnds,  a  velocity  of  1,384  feet,  and 
pressure  of  28,778  pounds. 

A  sample  of  10  barrels  of  the  same  density  and  granulation  as  the  F. 
P.  (D),  but  which  had  undergone  a  longer  working  in  the  incorporating 
mills,  was  then  procured.  This  powder,  marked*  I.  O.  was  tested  at  the 
•same  time  as  two  other  lots  furnished  by  Messrs.  Du  Pont  on  their  own 
responsibility,  and  marked  respectively  I.  M.  and  I.  N.  In  the  manu- 
facture of  the  latter  two  powders,  the  usual  percentage  of  water  em- 
ployed in  pressing  had  been  increased,  and  the  two  lots  also  differed 
from  one  another  by  the  amount  of  that  percentage,  it  being  greater  for 
the  I.  K 

As  regards  the  employment  of  more  moisture  in  the  fabrication,  the 
Messrs.  Du  Pont  thought  that  in  drying,  the  grains  of  such  i)owder 
would  be  left  more  porous  on  the  interior,  whilst,  on  the  other  hand,  the 
pores  would  be  closed  at  the  exterior  of  the  grain  by  the  deposit  of  niter 
left  by  the  evaporating  moisture.  There  should  thus  obtain  a  x>owder 
which  at  first  would  bum  more  slowly,  but  afterwards  more  rapidly 
than  the  ordinary  powder ;  in  other  words,  a  powder  involving  in  its 
striLcture  the  principle  of  progressiveness,  or  of  compensationy  as  it  has 
otherwise  been  termed.  The  results  obtained  with  these  three  samples 
were  as  follows: 


Date. 


1881. 
May  19  to 
May  27. 

May  19  to 

May  27. 
Mayl9to 

May  27. 
May  19  to 

May  27. 
May  19  to 

May  27. 
Hayl9to 

May  27. 
May  19  to 

&fay27. 
May  19  to 

May  27. 
May  19  to 

May  27. 


I 

8 


I 


1 

2 
1 
1 
8 
1 
1 
5 


Gun. 


11"  mnzzle-load* 
iafc  chambered 
rifle  Ko.  2. 

....do 


Powder. 


Nature. 


....do. 

...do. 

— do. 

...do. 


...do. 
...do. 
...do. 


)  Du  Font's  I.  M.  hexagonal ..  ? 
^         D.  =1.785;  Gr.=e7.         J 


.do 
.do 


5  Da  Font's  L  N.  hexagonal. . .  X 
\  D.  =  1.785;  Gr.  =  e7.  { 
do 


.do 


C  Dn  Pontes  L  0.  hexagonal.  . .  \ 
l  D.  =  1.785;  Gr.=e7.  i 
do 


.do 


Weight 


Poundt.  Poundi. 


i 

I 


-a 


^ 


120 
125 
130 

120 
125 

180 

130 
125 

130 


548 
547 
544 

548 
547 

546i 

548 
547 

546i 


9 

3 


o 

I 


FMt. 

1,850 
1,374 
1,388 

1,396 
1.424 

1,464 

1,409 
1,451 

1,471 


"I 


Potuuit 
32,000 
32.000 
24,250 

35,000 
34,000 

30,883 

85,500 
36,000 

28,900 


The  pressures  were  not  deemed  reliable  for  the  larger  charges,  as  it 
was  more  than  probable  that  under  the  higher  tensions  of  the  gas,  the 
housing  of  the  pressure-gauge,  which  was  long,  slender,  and  further 
weakened  by  a  groove  on  the  exterior,  yielded  in  its  walls,  contracting  on 
the  knife-shoulder  and  thereby  restraining  the  freedom  of  its  movements. 

The  results  obtained  with  the  I.  ^.  and  the  I.  O.  were  considered  on 
the  whole  as  quite  satisfactory,  and  a  contract  was  accordingly  entered 
into  with  the  Messrs.  Du  Pont  for  500  barrels,  of  which  400  were  to  be 
like  the  I.  O.  and  100  like  I.  K,  excepting  that  the  density  was  to  be 


"  The  amount  of  moisture  used  in  pressing  the  I.  O.  was  about  the  same  as  in  the  I.  N. 
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lowerod  to  1,765.    A  eample  lot  of  the  latter,  marked  I.  P.,  was,  how- 
ever, first  procured  aud  tested.    The  record  of  firing  was  a  follows : 


AM. 

1 

•s 

1 

Onn, 

Powdet. 

t 

1 

1 

a 

> 

a 

NatoM. 

W«lihL 

,jr. 

k'^t^ 

\          D.=1.7«S,  Qr.=«7.          J 

Found*. 

Pound* 

H7 

ma 

SSI 

1,JM 
1.37! 

l,Mi 

Poundi. 

20,  OM 

The  same  abnormal  action  of  the  pressnre-gauge  as  before  is  noticea- 
ble with  the  larger  charges.  The  above  exi>erimental  sample  is  the  last 
that  has  been  tried  up  to  date  in  the  11-incb  muzzle-loading  chambered 
rifle. 

As  the  Messrs.  Dn  Pont  were  arranging  to  procure  an  S-inch  mnzzle- 
loading  chambered  rifle  of  their  own,  similar  to  the  one  in  use  at  Sandy 
Hook,  fcr  the  purpose  of  testing  powders  from  time  to  time  during  their 
manufacture,  it  was  deemed  desirable  to  have  on  record  certain  data 
which  woald  permit  of  drawing  a  comi)arison  between  the  results  ob- 
tained from  flriug  the  same  powder  in  the  8  inch  and  the  11  inch  muzzle- 
loading  chambered  rifles,  inasmuch  as  from  such  a  comparison  the  in- 
ferences from  the  firings  of  the  8-inch  chambered  rifle  wonld,  in  fittnre, 
have  to  be  drawn.  With  this  end  in  view  some  additional  firings  with 
certain  of  the  above  samples  were  made  with  tbe  S-inch  mozzle-loading 
ehambered  rifle  at  Sandy  Hook,  which  appear  below.  In  these  firings 
a  shorter  and  more  compact  pressore-gange  was  employed,  and  its  indi- 
cations are  regu-ded  as  reliable. 

The  record  of  flriug  with  the  L  P.  powder  was : 


1 

GniL 

Powdw. 

I 

r 

t 

1 
•i 

\ 

».„„. 

Welgtit. 

J*  I 

1 

s.'sr* 

{■'"K.'KalJsr'-} 

56 

ITB 

in 

L<Mt 

P-auU. 
18.0D0 
W,S50 

The  I.  O.  powder  was  tested  in  the  S-inch  chambered  rifle  at  tbe  same 
time  with  samples  from  lots  I.  O.  (A)  1,  2,  and  3  of  the  powder  being 
made  under  contract,  and  which  had  been  sent  to  Sandy  Hook  for  proof, 
but  as  there  remained  on  hand  only  105  pounds  of  the  former  it  was 
necessary,  in  order  to  make  up  two  charges  of  55  ponnds  each,  to  add 
to  it  6  pounds  taken  fhim  one  of  the  three  lots  of  I.  O.  (A).  The  lot 
selected  was  I.  O.  (A)  Ko.  1,  and  the  two  powders  were  thoroughly 
mixed  together. 


488 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


The  record  of  firing  was  as  follows : 


Date. 


1881. 
Angast  9 

August  9 
AngoatO 

August  9 

August  9 
August  9 
August  9 
August  9 


4 

I 

o 

M 
a 


Gun. 


8"  muzsle-load- 
iug  chambered 
rifle  No  28. 

do 

— do , 


— do 

do 

do 

....do 


Powder. 


Nature. 


\ 


Du  Pout's  L  O.  (A)  hexa- 
gonal No.  1. 
D.  =  1.785;  Gr.=  e7. 

...  do 

C  Du  Pout's  L  O.  hexagonal. 
{        D.  =  1.788;  Gr.=e7. 

CLO 

iLO.(A)No.l 

Du  Pout's  L  0.  (A)  hexa- ) 

gonal  No.  2.  > 

D.  =  1.785;  Gr.  =  «7.       > 

do       

Du  Pout's  L  O.  (A)  hexa- ) 

gonal  No.  8.  > 

D.  =  1.785 ;  Gr.=  07.       J 

do 


\ 


\ 


ht  of  project- 
ile. 

1 
1 

Weight 

? 

J 

^ 

> 

Poundi. 

Poundt. 

FuL 

55 

180 

1,687 

56 

180 

1,095 

55 

180 

1,639 

50 
5 

1     180 

1,684 

55 

180 

1,633 

56 

160 

1,662 

55 

180 

1,603 

55 

180 

1.662 

1^ 

r 

s 

Pi 


47,000 

61,000 
44.000 

42.000 

41,500 
45.000 
50,500 
49,500 


As  the  lots  1  and  3  proved  rather  high,  and  as  the  F.  P.  (D)  powder 
was  known  to  be  a  mild  one,  it  was  determined  to  test  a  sample  of  one 
of  the  above  two  lots,  thoroughly  intermixed  with  an  equal  weight  of 
the  F.  P.  (D)  The  lots  selected  were  1.  O.  (A)  No.  3  and  F.  P.  (D)  No. 
11.  One  charge  composed  of  the  latter  powder  alone  was  also  prepared, 
to  be  fired  at  the  same  time. 

The  record  of  firing  was  as  follows : 


Date. 

1 

1^ 

* 

1 

188L 

August    9 

1 

August  16 

1 

August  17 

1 

Gun. 


8''  muxzle-load- 
lug  chamber- 
ed rifle  No.28. 


•  •  •  Q  V  ••«•••  *  < 


...do 


Powder. 


Nature. 


rDu 
Du 
Du 

'Du 
Du 


Pout's  L  O.  (A)    hex- 
agonal No.  3. 

D.=:f.785:  Gr.  =  87. 

Pout's   F.  P.  (D)  hex- 
agonal  Na  11. 

D.= 1.785;  Gr.=67. 

Pout's  P.  P.   (D)  hex- 
agonal No.  11. 

D. =1.785;  Gr.=67. 
Pout's  L  O.  (A)    hex- 
agonal No.  8. 

D. =1.785;  Gr.=e7. 

Pout's   F.  P.  (D)   hex- 
agonal.  No.  11. 

D.  =  1.785;  Gr.=67. 


Weight. 


m 


1 


56 


55 


271 J 


i 
1 


-8 


^ 


Pottfub. 
180 

179 

179 


4i 

o 

s 

1 


^ 

so 


Fe0L   ' 
1,616 

1,658 

1.605 


Potindc. 
41,000 

32,000 

40,000 


Gomparing  the  results  obtained  with  mixed  charges  with  those  ob- 
tained with  the  component  powders  fired  separately,  it  will  be  observed 
that  the  former  occupy  the  position  of  an  arithmetical  mean  between 
the  latter. 

With  a  view  to  determining  the  effect  where  the  two  component  pow- 
ders were  not  intermixed,  but  placed  separately  in  the  cartridge-bag, 
the  four  following  rounds  were  fired,  and  under  the  following  conditions: 
In  the  first  two  rounds  the  quicker  powder — the  I.  O.  ( A)  No.  3 — ^was 
placed  at  the  bottom  of  the  cartridge-bag  with  the  F.  P.  (D)  No.  11  in 
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front ;  and  in  the  last  two  rounds  the  F.  P.  (D)  No.  11  was  placed  at 
the  bottom  with  the  I.  O.  (A)  No.  3  in  front. 
The  record  of  firing  was  as  follows : 


Date. 

• 

§ 
e 

o 

1 

1 

1881. 

Axigast  16 

1 

August  16 

1 

Augnat  16 

1 

AngQAt  16 

1 

Gnu. 


8^*  mnszle-load- 
ing  chamber- 
ed rifle  Ko.28. 


Powder. 


Nature. 


Weight. 


(Dn 
'  Du 


.do 


■do, 


Font's  I.  O.  (A)   hex. 

agonal  No.  8. 
D.  =  1.786;  Gr.=T67. 
Font's  F.  F.  (D)    hex- 
agonal No.  11. 
D.= 1.785;  Gr.=:67. 

,CIO.(A)No.3  

{  F.  P.  (D)  No.  11 

(Du  Font's   F.  F.  (D)    hex- 
agonal  No.  11. 
D.  =  1.785;  Gr.=67. 
Du  Font's  L  O.  (A)    hex- 
agonal Na  3. 
D.  =  1.785;  Gr.=67. 

^.  5  F.  P.  (D)  No.  11 

•••°° >LO.(A)No.3   


4& 


Poundt. 
179 

179 

179 

179 


s 

13 

I 


96 


F&9L    .Powids 
1, 528     107, 000 


1,580 


1,563 


1.582 


106,000 


70,000 


71.000 


The  above  results  are  significant,  as  compared  with  those  where  the 
two  powders  were  intimately  mixed,  and  shoald  be  attributed,  perhaps, 
to  the  operation  of  two  principal  causes,  to  wit :  First,  the  want  of 
simultaneonsness,  or,  better  say,  of  an  uniform  progressiveness  in  the 
explosive  action  of  the  two  portions  of  the  charge,  which  would  give 
rise  to  interference  and  opposition  between  the  elastic  gases  generated, 
and  thus  to  the  setting  up  of  wave-action  with  its  accompaniment  of 
severe  local  pressures ;  and,  second,  the  abnormally  high  tension  thus 
developed  acts  to  accelerate  greatly  the  rate  of  combustion  of  the  still 
unconsumed  grains,  which  acceleration  in  turn  would  enormously  in- 
crease the  tension  itself,  and  consequently  the  pressure  on  the  wal}s  of 
the  bore.  , 

The  operation  of  the  latter  cause  is  particularly  noticeable  during  the 
first  two  of  the  above  rounds,  where  the  quicker  powder  was  placed  at 
the  bottom  of  the  cartridge,  the  average  pressure  exceeding  by  36,000 
pounds  per  square  inch  that  obtained  under  the  contrary  condition,  or 
where  the  slower  powder — ^the  F.  P.  (D) — was  placed  at  the  bottom.  In 
the  latter  case,  however,  the  falling  oft'  in  pressure  may  doubtless  be 
partly  acconntedifor  by  supposing  that  motion  was  more  promptly  im- 
parted to  the  propectile  thereby,  giving  additional  space  for  the  expan- 
sion of  the  gases,  and  thus  materially  lowering  the  tension  at  an  earlier 
epoch  of  the  explosion.  The  correctness  of  such  supposition  is  appar- 
ently borne  out  by  the  increase  in  velocity,  averaging  43  feet,  that  was 
gained  in  the  last  two  rounds. 

The  pressures  obtained  in  the  above  trial  can  be  regarded  as  reliable, 
the  pressure-gauge  having  been  tested  after  firing  the  first  two  rounds 
by  firing  the  charge  of  F.  P.  (D)  No.  11  alone,  given  in  the  previous 
table,  and  after  the  second  two  rounds,  by  firing  the  second  mixed 
round,  given  also  in  the  previous  table.  The  gun  was  carefully  exam- 
ined and  star-gauged  after  the  above  firings,  but  showed  no  deteriora- 
tion, and  only  0^^002  additional  enlargement  of  bore. 

Note. — The  8-inch  rifle  employed  in  the  above  experiments  was 
vented  at  the  middle  of  the  powder  chambers. 
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Target  record  of  firing  lotfA  ^l-inch  siege  rifle  No,  101 — Continued. 


t 


e 


Barometer,    30. 080 ; 
thermometer,  84; 
relatiTehomldity,  * 
03 Iter  cent.;  wind,  ■ 
1  mile  an  hour. 


r  304 
305 
800 
307 
308 
300 
810 
311 
812 
318 

''114 
315 
310 
317 


Barometer,    80.081 ; 
thermometer,  SO; 
relative  hamidity,  i 
83  Iter  cent.;  wind, 
8  miles  an  hoar. 


318 
819 
320 
321 
322 
323 


if -9 


1881. 
An*. 
Aug. 
Aug. 
Aug. 
Aug. 
Angr 
Ang. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Ang. 
Aug. 
Ang. 
Aug. 
Aug. 
Aug. 
Aug. 


Powder.      i  Projectile.  ^    .*§  § 

!  'fl      s 


Kind. 


Wgt 


ja  8 


I 


a 


6.. 


r  5. 

5I 


H 

1^ 


1 


W  ^5^5^ 


p 


H 

<3 


8^ 
11 


!■ 


o 


6 
0 
6 
5 
6 
0 
0 
0 
5 
5 

I 

0 


Kind. 


Wgt§ 


c 
.a 


I     \ 


i 


a 
« 

« 

a 
I 


.0 


a  8*^ 


2^    -^ 


I 


25 

25. 

25 

25 

23 

25 

-25 

I 

:25. 

I     I 
25.. 


125., 

1     I 
25., 

I 

25., 

I     i 
25. 

"r 

25.. 

,25. 
25 
25. 
25 


I 


1.401 
1,4U. 

i.wsj 

1.582 


-r48.500 

—147,600 

I 
-129,600 

-130,000 

-140,500 

I 
-144,500 

-}40.500 

-§18, 500 

-§21,000 

I 
-•88,000 

I 
-130.000 


-i  35, 500 
-I '28, 000 

r 

-i  40, 600 

I 
—148,000 

-148,0001,504 

-188,0001,401 

-132.6001.455 

-|'48, 600 1,574 

1.582 

1.685' 

1.460 

1.440 

1.573 

1.554 

1,677 

1.406 

1,420| 

I 
1.684 

1.530 


-188,6001.540 


h3g 


Remarks. 


f  Projectile 
keyhded. 


•c 
s 

I 


Sabot   strip- 
ped. 


Fired  into 
sand  butt 
to  try  pow- 
der. 


The  powder  used  during  the  firing  noted  in  this  report  has  been  stored 
in  stone  magazine  inside  the  fort  at  Sandy  Hook,  N.  J.,  since  May  2, 
1879,  in  barrel  and  boxes,  as  follows : 

Barrel,  ordinary  wooden  powder  barrel. 

Box  No.  1.  Tin  case,  japanned  outside,  8-inch  bronze  screw  cover. 

Box  No.  2.  Zinc  case,  8-inch  bronze  screw  cover. 

Box  No.  3.  Copper  case,  6-inch  bronze  screw  cover. 

All  boxes  having  copper  gaskets  since  June  26,  1880,  and  inclosed 
in  wooden  boxes,  leaded  joints,  painted  inside  and  out.  Barrel  and 
boxes  last  opened  June  26, 1880,  for  firing,  as  per  report  of  that  date, 
and  returned  to  magazine. 
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Target  T«))or4  of  firing  vUh  H-ine\  ii«gt  HJl»  No.  101,  at  Saiidf  Sooi,  KJ. 


«  JnneM 
a  JoneM 


tbarmnmcler,  H; 
nUtlvehiimlilitir, 
60  per  cent  i  wind. 


i[i 


IM  Apr.  M 
IM  Avr- 10 


198  Apr.  10 
ISO  Apr.  10 


a'  Apr.  U 
Ki.  Apr.  I 


4  Apr.  ta 
«  Apr.  IS 


^  [  h' 


3«4  JuD«M 

Jane  M 

3ST  jDDe  M 

I  JdiwM 

no  JnneM 
ari  Jone  M 


Wgtg 


0«,0001,«S.. 
0U,0««1,MS... 

0»000L« 

on,  000 1,40 
oss,ooai,ii6|... 

013,00«1,>1S... 
011,0001,884.. 

02*0001,881.. 
O4O,O0aUKU.. 

048.0001,. 

om,oooi. 


IM1,GZ11«.G0.- 
1,40814.00... 

I,  MS  14.00. - 

l,HT14.0oi... 


I 

1,  noil  00... 

.1,40015.00... 

1,NM18.00... 
1,88818.80... 


.    -134.00 
.    -»M.OO 


Iwt  «Uip. 


Fti«d  iDto 

,    und  ban 


a'n.M 


IT.  BOOl,  SM17. 00 , 

IT.0OOl,Hl:lT.OO I 

a,a«n,suii.»\... 


EEPOET   OP  THE   CHIEF   OP   OEDNANCE. 
Target  record  of  firing  uHA  \\-liteK  siege  Hfit  No.  101 — Coatinned, 


]  iiill«  u  hour- 


hamldlt;,  i 
nt.:  wlDd, 


in.      |l>n)jMtlle.'4    '^| 

I— KLdJ  -rt  tils 


11 


j  -t%MIO  1,411 
-lM.UI)l,tT3 

-1*8,000 
,  -I*8,OO0'l,B« 

j  -i»e.o»»i.«i 
I  -mMoLttt 

.  -|*8,B001.BT* 
-|«,Mo|l,S82 
.  -|4T,S 


1.M5 
-IK  MO  1,100 
I  -130,000  I,Me 
j  -|M,ll«lt,S7S 
-|44.OO01,OH 
'  -■«,»«  1,5TtJ 

-iu;«o 

-l'ai,ooo 

-I  I!.* 


II 


pmd    Into 

trypow- 


Thepovder  used  duringtbe  firing  noted  in  this  report  baa  been  stored 
in  stone  magazine  inside  the  fort  at  Sandy  Hook,  N.  J.,  since  May  2, 
1879,  in  barrel  and  boxes,  as  follows : 

Barrel,  ordinary  wooden  powder  barrel. 

Box  No.  1.  Tin  case,  japanned  outside,  S-inch  bronze  screw  cover. 

Box  No.  2.  Zinc  case,  8-inch  bronze  screw  cover. 

Box  So.  3.  Copper  case,  6-inch  bronze  screw  cover. 

Alt  boxes  having  copper  gaskets  since  Jane  26,  1880,  and  inclosed 
in  wooden  boxes,  leaded  joints,  painted  inside  and  out.  Barrel  and 
boxes  last,  opened  Jane  20,  1880,  for  flriag,  as  per  report  of  that  date, 
and  returned  to  magazine. 
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AGES. 

loading  rifiefrom  May  17,  1880,  to  March  31, 1881,  at  Sandy  Hook,  N,  J, 


Charge. 


Cartridge. 


80 
35 


85 


30 
35 


22| 


s 
s 

ee 


Jnt.     Int. 
m     7. 25 

22i 


7.25 


22i     7.25 


7.25 
7.25 


Prqjectile. 


Kind. 


Botler.... 
do... 

do... 

Hotchkiss 
do  .. 


180 

I 

179  ; 


if 

(4) 

•3 

5 

Lbi. 

JfM. 

177 

20 

178 

20 

178 

20 

a 


Int. 
7.95 

7.95 


7.95 


20 

20 


7.95 
7.95 


I 

**  bft 

.  o 

«B  9 


F^e. 


1.414 
At  109  feet. 

m 

1.396 

1.340 
1.425 


6 

N 

a 


..4 


1,421 

1,404 

1,348 
1,434 


I 


M 

a 
*  •  © 


86,338 
29,666 

29,750 
86.318 
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Table  No.  2,— Target  record  of  firing  trt(ft  8-tiieft 


Barometer,  29.950;  thermometer, 
70;   relative  hamidity,  80  per  < 
cent. ;  wind,  20  miles  an  hour. 


I 

o 

I 
i 


Time. 


Powder. 


Kind. 


1880. 
621  June  11 

522  Jane  11 

523  Jane  11 ' 

I  I 

524  Jane  11 
625  Jane  11 


Barometer,  80.280;  thermometer, 
50;    relative  hamidity,  59  per  < 
cent. ;  wind,  10  miles  an  hoar. 


638  Sept.  28 

639  Sept  23 

640  Sept.  23 
541  Sept.  23 

i  i  542-  Sept.  23 


09 

§ 
1 


Barometer,  30.076;  thermometer, 
64;  relative  hamidity,  43  per 
cent. ;  wind,  17  mUes  an  hoar. 


543  Sept.  30 

,    I 

544  Sept.  30 

545  Sept  30 

I 

546  Sept  30 

547  Sept  30 

I 

548  Sept  30 

640  Sept  30 

550  Sept  30 

551  Sept.  30 

552  Sept  30 


J 


-a 

I 


% 


Weight 


Lbs  Oz. 


35 
35 
35 
35 
35 


35 
35 
85 
35 
85 


35 
35 
35 
35 
35 
35 
35 
35 
86 
35 


Projectile. 


Butler,  re- 

saboted. 

...do 


...do  ., 
..do  ., 
...do .. 


179 
180 
179 
180 
179 


9  « 


om  a 


darebaaded 


I 

I 

8 


o 

a 


I 


176 
177 
178 
179 
175 


177 
177 
178 
178 
178 
178 
178 
178 
178 
178 


2  40 
2  40 
2  40 
2  40  J 


I 


240 
2  42 
2  42 
2  42 

2  42  J 


9 

a" 
I 


2  45 
244 
2  44 

I 

244 
244 
2  44 
244 
2  44 
244 
2  44 


\ 
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hreeoh'loading  rifle  No,  1,  at  Sandy  Hook,  N  J. 


Difltance  ftrom  center  of  tai^et, 
in  feet. 

Distance  ttom  center  of  impact, 
in  feet. 

TertioaL 

Horizontal. 

Vertical. 

Horizontal. 

Bemarks. 

Above. 

Below. 

Bight.      Left. 

1 

Above. 

Below. 

Bight. 

Left.    ! 

i 

9.25 

2.75 
4.83 

6.21 
L83 
4.50 
1.20 
6.83 

7.48 

4.52 
6.60 

2.00 

2.38 

.67 

L50 

^  Fired  at  mile  target    Target  24' 
X  40',  made  of  1"  spmce  boarda. 

11.00 

8.83 

9.23 

6.60 

2.5i 

20.25 

11.41 

19.16 

16.71       16.72 

4.54 

4.55 

Mean  vertical  deviation  from  cen> 
ter  of  impact,  6'.e9. 

Mean  horizontal  deviation  from 
center  of  impact,  1'.82. 

Mean  deviation  from  center  of  im- 
pact, 6'.93. 

8.84-^5=1.77 

19.16-1-5=3.83 

33.43  +  5  =  6.69 

9.09 -»•  5— 1.82 

1 

'    18.00 

8.00 
1.50 

10.75 
8.90 

10.00 

6.25 

........ 

1 
2.65  ! 

1 
6.00 

...;.... 

2.75 

2.65 

4.00 
8.75 
8.00 

8.75 

1.90 

5.10 
4.35 

,  Fired  at  mile  target.    Target  26^ 
X  40',  made  of  I'^spruce  boarda. 

.25 

88.75 

28.25 

6.60 

6.50 

9.45 

9.45 

Mean  vertical  deviation  from  oe&- 
ter  of  impact,  2'.60. 

Mean  horizontal  deviation  tram 
center  of  impact,  3'. 78. 

Mean  deviation  from  center  of  im- 
pact, 4'.60. 

88.76  +  5  —  7.75 

28.25 -»•  5=5.65 

13.00 -f- 6=2.60 

18.90  +  1 

5=3.78 

.82 
2.76 
&00 
6.17 
6.00 
2.00 
6.17 

6.00 
6.15 
6.00 
.50 
2.25 
2.82 
7.00 
5.88 
6.00 
6.15 

4.07 
1.64 

2.39 
4.72 

.63 

• 

1 

2.68 

.86  i 

.68  : 

1.68  < 

1 

.33 

8.61 
L78 
1.61 

1.78 

8.97 
2.22 

2.16 

Fired  at  mile  target.    Target  SO* 
I     X  40^  made  of  1'' ipmca  boaida 

■•■■■••• 

6.82 
7.00 

Z'Z 

'l.43 
2.61 

.38 

44.28    

1 

44.70 

12.82 

12.82 

• 

ft34 

8.84 

1 

Mean  vertical  deviation  from  oan« 

ter  of  impact,  2'.66. 
Mean  horizontal  deviation  from 

center  of  impact,  1'.67. 
Mean  deviation  from  center  of  im- 

43.90  •».: 

L0=4.30 

44.70 -»•: 

10=4.47 

25.64  f] 

L0=2.56 

16.68  +  : 

L03=1.6t! 

32  ORD 
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Table  No.  %. — Target  reoord  of  firing  witk  B-i»ch  b\ 


Weigit 
LbaOi. 


Jil 


sL 


Barometer,  SO.BSSj  tbemometeT, 
W;    relative  hamldlty,  Sfl 
Mnt.  i  wind,  10  mllH  ui  ho 


SM.  KOT. 


.   3  so! 


met«r.  SO.SSS;  thennomel 
relative  hoinidlly,  M  j 
It.  j  wind,  10  mllea  ui  boa 


Barometer,  10 , 

i3;    relative  bnmiditv.  80  p 
cent. ;  wind.  12  milei  ao  hoar 


'1 

!j  I 
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loading  rifle  No,  1,  at  Sandy  Sook,  N,  J, — Continned. 


Distance  Avm  center  of  target, 
in  feet. 

Distance  from  center  of  impact, 
in  feet. 

Tertioal. 

HoxisontaL 

YertioaL 

HorisontaL 

Bemarks. 

AboTe. 

Below. 

Right 

Left. 

AboTe.  Below. 

* 

Bight. 

Left. 

7.82 
8.00 
7.17 
6.17 
2.00 

target . 
4.76 
7.50 

target . 
6.25 

8.50 
L50 
&00 
4.75 
2.75 

2.52 
3.52 

1.80 

1.65 
.65 

1.13 

.87 

2.37 

2.12 

.12 

1  Fired  at  mile  target.    Target  20' 
X  40^,  made  of  I'^spnioe  boards. 

Under 

.77 

L98 

2.63 
2.63 

Under 

-•• 

8.54 

.78 

.91 

Mean  vertical  deviation  from  cen- 
ter of  impact,  1'.70. 

Mean  horizontal  deviation  from 
center  of  impact,  r.60. 

Mean  deviation  from  center  of  im- 
pact, 2'.34. 

44.16 

21.04 

6.81 

6.81 

6.39 

6.39 

44.16-^8  =  5.52 

21.04 -•-6=2.63 

18.62  ••-8  =  1.70 

12.78-1-8=1.60 

3.42 
7.42 
target . 

.83 
.83 

.48 

.17 
.17 

■ 

Under 

3.52 

60jdB. 

short . . 

1 

50yda. 

short . . 

•  •••••••1 

1 

6  yds. 

short . . 

I  Fired  at  mile  target.    Target  20^ 
^     X  40^,  made  of  r^^spmoe  boards. 

50  yds. 

short . . 

• 

100  yds. 

beyond 
8.76 

4.00 

2.38 

3.31 

7.90 

4.86 

2.90 

2.65 

1 

4.00 

10.60 

2.83 

4.87 

&88 

&38 

• 

2.99 

2.99 

ter  of  impact,  4M9. 

Mean  honsontal  deviation  ttom 
center  of  impact,  r.50. 

Mean  deviation  from  center  of  im- 
pact, 4'.45. 

2.64-^4=. 66 

16.76-«-4=>4.l9 

5.98 -H  4  — 1.50 

.35 
5.50 
7.33 
3.17 
3.00 

1.00 
3.00 

.65 

8.52 

L02 

.62 
L62 

^ 

1.63 
3.46 

.63 

.25 
L25 

.70 
.87 

.  Fired  at  aile  target    Target  SO' 
X  40^,  made  of  1"  spmce  boards. 

2.63 

■ 

10.35 

4.00 

2.15 

5.00 

5.09 

a26 

3.26 

Mean  vertical  deviation  from  cen- 
ter of  impact,  2'.04. 
Mean  horizontal   deviation  from 

19.35  -•- 1 

5  =  3.87 

1.85-1- 

5 =.37 

10.18-1- 

6—2.04 

6.52  -•-  J 

5=1.30  ; 

center  of  impact,  1'.30. 
Mean  deviation  from  center  of  im- 
pact, 2'.41. 

500         BEPOKT  OP  THE  CHIEF  OF  ORDNANCE. 

Table  No.  2.~Targ»l  rttori  of  Jlring  tiiik  B^ek  ineA- 


Weight. 
LlwOi. 


j|l 


cent,  i  wind,  11  m{l»«  u 


if* 


-,, bmnidlty,  83  per  { 

oent.  t  wind,  10  mllea  an  hdor.     j 


it 
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ioiiding  rifle  No.  1,  at  Semd^  Haohf  N.  J.-^ontinuad. 


IHitanoe  from  oenter  of  target,    Distance  from  center  of  impact, 
in  feet.  I  in  feet. 


TerttoaL 


Above. 


Below. 


Hoiiaontal. 


Bight. 


Left 


YertioaL 


Above. 


Below. 


HoiiaontaL 


Bight. 


Left. 


>■  Target  omitted  on  account  of  iiregnlar  flight  of  projectilea. 


Bemarkfl. 


3.87 


.88 

2.18 

.86 


3.66 


LIO 

.20 

2.86 


Stmck  2ty  in  front  of  targets 


2.00 


9.48 


7.48-»-4:=:L87 


Projectile  naed  in  nranda  627  to 
Wl,inclu«ive,  wereont  of  a  lot 
of  80  received  trom  Sonth  Bos^ 
ton  fonndry  nnder  invoioo  of 
Deoember  14,  1880,  and  were 
found  to  be  defective  in  coneo- 
qnence  of  bad  material  of  sabot. 


21.40 


21.40 -1-4 =6.35 


8.87 


3.87 


7.74  ♦4  =  1.98 


8.65 


8.96 


7.301-4  =  1.82 


Fired  at  mile  target.    Target  ac 
*    X  40^,  made  of  1^  spmce  board*. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  1'.98.  ^ 

H«an  horuontal  deviation  noBt 
oenter  of  impadb,  V  .82. 

H«an  deviation  from  center  of  im^ 
pact,  2'.69. 
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Tabuc  No.  Z.'^Table  of  enlargements  of  S-inch  hreech-loading  rifl^  ^o-  ^' 


Inches  from  miuzle. 


99. 
98. 
97. 
96. 
95. 
94. 
93. 
92. 
91. 
90. 
89. 
88. 
87. 
86. 
86. 
84. 
88. 
82. 
81. 
80. 
78. 
76. 
74. 
72. 
70. 
68. 
66. 
64. 
62. 
60. 
58. 
56. 
54. 
52. 
50. 
48. 
46. 
44. 
42. 
40. 
38. 
86. 
84. 
32. 
80. 
28. 
26. 
24. 
22. 
20. 
18. 
16. 
14. 
12. 
10. 

8. 

6. 

4. 

2. 

1. 


Enlargements  of  bore,  including  "  aefcting  up  "  of  tube.  ftfl«— 


Original  diameter 
of  bore. 


Inehet, 
7.990 

•  990 
.990 
.990 
.990 
.  990 
.  990 
.990 
.990 
.990 
.990 
.990 
.990 
.990 
.991 
.998 
.995 
.995 
.996 
.  996 
.997 
.997 
.  996 
.996 
.995 
.993 
.995 
.995 

•  995 
.995 
.995 
.995 
.995 
.995 
.995 
.995 
.995 
.995 
.995 
.995 
.  996 
.  996 
.996 
.996 
.996 
.996 
.996 
.  996 
.996 
.996 
.996 
.  996 
.996 
.995 
.995 
.995 
.995 
.995 
.995 
.995 


A  total  of  501 
rounds. 


Jn<Aes. 
0.006 
.005 
.005 
.005 
.005 
.006 
.006 
.008 
.006 
.006 
.005 
.004 
.004 
.005 
.007 
.006 
.006 
.008 
.009 
.009 
.009 
.008 
.008 
.008 
.005 
.006 
.004 
.005 
.006 
.006 
.008 
.007 
.005 
.005 
.004 
.004 
.003 
.003 
.003 
.003 
.003 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.005 
.005 
.005 
.005 
.005 
.905 
.005 


A  total  of  663 
rounds. 


Inehet. 

TSot  taken. 
Not  taken. 
0.010 
.010 
.010 
.009 
.009 
.008 
.007 
.006 
.005 
.005 
.005 
.005 
.007 
.006 
.007 
.008 
.009 
.009 
.009 
.008 
.008 
.008 
.006 
.006 
.004 
.005 
.006 
.006 
.008 
.007 
.005 
.005 
.004 
.004 
.003 
.003 
.003 
.008 
.003 
.004 
.004 
004 

:oo4 

004 

:oo4 

.004 
.004 
.004 
.004 
.004 
.004 
005 
'005 

:oo5 

.005 
005 

:m 

.005 


Atotalof  686 
xounds. 


Jncheg. 
Not  talcen. 
Not  taken. 
0.019 
.016 
.016 
.015 
.014 
.014 
.011 
.010 
.010 
.009 
.008 
.009 
.007 
.006 
.007 
.009 
.009 
.009 
.009 
.008 
.009 
.014 
.009 
.009 
.005 
.006 
.008 
.009 
.009 
.009 
.009 
.008 
.007 
.007 
.007 
.006 
.006 
.006 
.005 
.006 
.007 
.006 
.006 
.006 
.006 
.007 
.007 
.007 
.007 
.007 
.007 
.007 
.007 
.007 
.008 
.009 
.009 
.009 


rLATi  n. 


< ;!  ^ 


^^<'x^  ^ 


s 


4 


i 


s^ 


i 

Hi 


t 
4 


Alip«a4ixM>-lM«. 


punm 

Hi 

il 

a 

i 

• 

-'-"""•■' 

FLATl  V. 


t 

4 


^ 


i' 


Afp«n4ix38 


•^lesi. 


PLATBVn.   * 


tl 


) 
i 


> 


i^ 


*3 


4 


1^ 


• 

*•• 

• 

9 

« 

4!^ 


App»ud»«l*^196l. 


fLATB  TIL 


^ 


• 

• 

9 

• 

^l 


\ 


ApprudisSl^lSSl. 
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loading  ekamberei  rifle  2fo.  774,  at  Sandy  Hook,  N.  J, 


BistAnce  firom  center  of  target, .  Distance  from  center  of  impact, 
in  feet.  in  feet. 


Vertical. 


Horizontal. 


AboTe.  Below. 


Bight. 


Left. 


VeitioaL 


Above. 


HoriMintaL 


Below. ;  Right 


Left. 


Fired  down  beaoh.    Clear  smooth  sound 


Fired  at  mile  target.    Sighting  shot  over. 


Bemarks. 


6.90 
6.95 
target . 

10.24 
10.96 

4.97 
6.02 

3.72 
4.44 

Under 

.90 
4.90 

10.45 

•  •^ . . • • . 
8.35 

2.83 
6.83 

3.93 

9.87 

Over 

target . 

1   HA 

4  an 

.33 

2.22 

1      ""1 

Struck  ft*  in  frnnt  of  tftrfl 

ret 



,ow.  •  .  •  .  . 

5.80 

15.45 

35.95 

a  35 

9.99 

0.99 

12.09 

12.08 

«.65-»-5— 1.98 

32. 60 -»- 5 =6.92 

19.981-5  =  4.00 

24.18 -»-< 

(=4.84 

flSffbtiUF  ahotii  flrA^  nl  mil  a  tMram 

^ 

4.20 

4.50 

6.49 

3.78 

Missed 

tftriTAt. 

Missed  target 

Missed'  tarffAt 

• 

2.50 

9.67 
2.75 

.11 

8.50 

12.42 

4.79 

7.38 
.56 

4.78 

2.72 
4.14 

*4is8ed 

target. 
5.75 

target. 

sed 

10.00 

8.46 

L72 

70 

iai7 

41.42 

11.28 

U.30 

8.56 

8.58 

'-»-5  =  2.29 

41.421-5=8.28 

22.58  •♦•5  =  4.52 

17.14  •♦. 

5=8.48 

Fir   .  at  mile  target    Direct  hit 
Fired  at  mile  target.    Direct  hit 

9'  above 
V  above 

y  left. . 

7'  Iftft- . 

• 

Fired  at  1  mile  target.    Target  20^ 
X  40',  made  of  I'^^spmoe  boards. 


Hean  vertical  deviation  firom  cen- 
ter of  impact,  4'.00. 

Hean  horusontsl  deviatimi  fhmi 
center  of  Impact,  4'.84. 

Mean  derviation  fhnn  center  of  Im- 
pact, 0'.28. 


Target  20'  X  40^,  made  of  1"  spruce 
boards. 


Sabot  stripped  near  gun. 


Mean  vertical  deviatioA  flraoi  cen- 
ter of  linpaot,  4f.f^ 

Mean  horuontal  derietiim  fkom 
center  of  impact,  8^.43. 

Mean  deviation  from  center  of  im^ 
pact,  5'.68. 
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Table  No.  1. — Target  record  of  firing  with  3,20'inch  hreech-loading 


Barometer,     29.624; 
thermometer,   88; 
relatiTe  hnmidity,  i 
66;  wind  8  miles 
an  hour. 


Barometer,  30.146 ; 
thermometer,  73; 
relative  humidity, 
76;  wind,  14  miles 
an  hour. 


£ 

.a 

s 


87 
88 
89 
90 
91 
92 
93 
94 
95 


Time. 


Powder. 


Kind. 


96 
97 
98 
99 
100 
101 


1880. 
July  16 

July  16  i 

July  16 

July  16 

July  16! 

July  16' 

I 

July  16 
July  16 
July  16 


Sept.  2 
Sept.  2 
Sept.  2 
Sept.  2 
Sept.  2 
Sept.  2 


102'  Sept.  2 


103 


Barometer,  30.093 ; 
thermometer,  76; 
relatire  humidity, 
64 ;  wind,  16  miles 
an  hour. 


104 
105 
106 
107 
108 
100 


Sept.  2 


Sept.  2  I 

I 

Sept.  2 
Sept.  2 
Sept.  2 
Sept  2 
Sept.  2 


no;  Sept.  2 


111 


Sept.  2 


.  112  Sept.  2 


o 
o 


•a 


a 

p 


M 


a 

o 


Wgt. 


Projectile. 


CO 


2 
2 
2 
2 
2 
2 
2 
2 
2 


o 


2 

2 
2 
2 
2 
2 
2 


2 
2 
2 

2 

i 

I  2 
2 
2 
2 
2 


81 

8 

8 

8 

8 

8 

8 

8 

8 


Kind. 


I 

r  4 

o 
H 


8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 


•T3 

a 

s 

so 

I 


Wgt. 


Lb 


12 
12 
12 
12 
12 
12 
12 
12 
12 


a  9 

•II 


I  *>4 


12.. 


12'.. 

12!.. 

12 

12 

12' 

12'. 

12'. 


12 
12 
12 
12 
12 
12 
12 
12 
12 


l 


o    / 
3  30 

3  30 

S  30 

3  30 

3  30 

3  30 

3  30 

3  30 

3  30 


O4O 


0 
0 


21000 
19500 


•a  • 

II 

s 
p 


3  30  Gk)od 
3  30  .do  .. 


3  30 


.do 


3  30  Kg 
3  30'  S  9  ^ 
3  30 


3  30 
3  30 
3  30 
3  30 
3  30 


4 


Fair. 
3  30' do.. 
3  30  .do  .. 
3  30  .do  .. 
3  30  Qood 


1377 
1362 


3.18 
3.18 
3.18 
3.18 
3.18 
3.18 


o 

o 
.d 


2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
3.18'  2.8 


3 

o 

I 


•S3 

o  bfi^ 

i:  s  c 
P 


// 


3.18 
3.18 


3.18 
3.18 
3.18 
3.18 
8.18 
3.18 
3.18, 
3.18 


2.8 
2.8 


3.18 
3.18 
3.18 
3.18 
3.18 
8.18 
3.18 
8.18 
3.18 


4i 

ja 

a 

i 

••a 

I 

B 
8 


3.27 
3.27 
3.27 
3.27 
3.27 
3.27 
3.27 
3.27  J 


a 

I 

1 
I 

B 

8 


3.27 
3.27 
3.27 
3.27 

I 

8.27  > 
8.27 
3.27 
3.27 


3.27 


a 

£ 

s 

£ 


1^ 
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ehambered  rifle  No,  774,  at  Sandy  Hook,  N,  J. — Continued. 


O  go 


t^ 


J 


2.50 
3.00 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 


Distance  from  center  of  tar- 
get, in  feet. 


Vertical. 


Above. 


L25 


3.00 
6.00 
"2.00 


Below. 


Horizontal. 


Right. 


7.17 
7.83 


7.00 


1.17 


13.42 


3.00 


25.00 


11.58-4-0  =  1.28 


2.00 

19.50 

1.42 


3.83 


14.00 


Left. 


Distance  from  center  of  im- 
pact, in  feet. 


Vertical. 


Above. 


4.50 
3.50 


2.50 
1.25 


40.75  1L75 


29.00-»-0=3.22 


2.53 


4.28 
7.28 
3.28 


2.45 


19.82 


Below. 


5.89 
6.55 


5.72 


1.72 


19.88 


39.70 -f- 9  =  4.41 


Horizontal. 


Right. 


16.28 


:61 


10.78 


27.67 


Left. 


1.22 


L80 
7.72 
6.72 


5.72 
4.47 


27.65 


55.32-f-9=6.15 


S  Fired  into  sand  butt. 


3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


Remarks. 


^Target  20^  X  40^,  made  of  1" 
spmoe  boards. 


Mean  vertical  deviation  fh>n; 

center  of  impact,  4^41. 
Mean  horizontal  deviation  fh>m 

center  of  imxMUst,  6'.15. 
Mean  deviation  from  center  of 

impact,  7\56. 


Fired  at  mile  target.    Target 
>    20*  X  40^,  made  of  1"  spnice 
boards. 


Mean  vertical  deviation  from 
cent'Cr  of  impact,  2'. 52. 

Mean  horizontal  deviation  firom 
center  of  impact,  8'.50. 

Mean  deviation  from  center  of 
impact,  8'.  87. 


Fired  at  mile  target.  Target 
20^  X  '40,  made  of  1"  spmce 
boards. 


Over  and  struck  75  yards  in  rear  of  target 
Over  and  struck  80  yards  in  rear  of  target 


13.01 


29.00 


15.09 -•-6= 2.52 


8.75 


13.67 


4.92-«-6=.82 


18.93 


1&96 


11.53 


n.53 


37.89 -»- 6=6.32  23.06-f-6=3.84 


Mean  vertical  deviation  fh)m 
center  of  impact,  6'.32. 

Mean  horizontal  deviation  from 
center  of  impact^  3'.84. 

Mean  deviation  tram  center  of 
impact,  7'.39. 
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Tasls  Ho.  l.—Tarstt  record  of  firittg  wilk  3.30-iMA  hveciloodiaf 


113S«pt.  2 
lUSept.  S 
ItSSept.    8 

litsipt.  a 

lIT8«pt  IS 

us  Sept.  IK 
I193«pt.  It 
tSUSept.  IS 

msapt.  15 
USSept,  1> 
12t  HepL  IT 
IM  Sept  17 
lZS:3«pt  IT 
12«&epk  IT 
137  Sept.  IT 
12gaept  17 
l2S^B«pt  17 
UOBaiit  17 
Ul|Sep(.  17 

'ms«pt  17 

;i3t  Sapt  17 

iH  s«pi  n 
ufis^tn 

Sg  Bept  17 
ST  Sept.  17, 
SSSeptn 
1^  Sept  17 
l«),8apt  17 
lu'sept  17 


MSept 
lU  Sept  it' 


\l   i^  us-' 


■11 
.111, 

LIS  j  j 


:  8,Bi>tohkluiht>ll,wiIlil£.    +1   IS.NW  1,371 
Ibnwbwidr'Kido.l    ,    ' 


HMchUuthotnith  I  i 
'n«biiidU"wid<v, 
rlbi  OB  Aot  I 


.ihsU 

■heU 


.;::iiBf 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


509 


duimhered  rifle  jVo.  774^  at  Sandy  Hooky  N,  J, — Continned. 


•6 

9 

O 

« 

a 
s 
p 


s 


Dktonce  from  center  of  tar- 
got,  in  feet. 


Vertical. 


Horizontal. 


;?■ 


8.28 
S.29 
8.30 
8.20 
8.29 

8.89 
8.29 
8.28 

8.28 
8.28 


2.50 
2.50 
2.50 
2.50 
2.8 

2.8 
2.8 
3.0 

3.0 
3.0 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.5 
3.5 
2.5 
3.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 


Above. 


Below. 


Diatanoe  from  center  of  im- 
pact, in  feet. 


Vertical. 


Kight 


Left. 


Above. 


Below. 


Horisontal. 


Bight. 


Left. 


^  Fired  into  nand  butt. 


Fired  Into  Band  bntt.    8  onnces  of  lead  and  4  onnces  of  sand 
S    pat  in  shell  to  bring  it  up  to  12  pounds.    Shell  selected 
I       from  rongh  castings  and  tamed  down^t  this  place. 


2.8 
2.8 
2.8 
2.8 


Fired  into  sand  bntt.    Shot  selected  from  lot  of  thirty  on 
hand  and  ready  for  firing. 


Fired  at  mile  target  Stmok  ground  150  yards  in  rear  of  tar- 
get and  buret. 

F^ed  at  mile  target.  Struck  ground  20  yards  in  front  of  tar- 
get ;  no  burst. 

Fired  at  mile  target.  Direct  hit.  Struck  ground  twice ;  no 
burst. 

Fired  at  mile  target.  Direct  hit.  Struck  ground  three  times ; 
no  burst. 

Fired  down  beach.    Burst  on  striking  ground  second  time  . . . 


Fired  down  beach.    No  burst 


Fired  at  mile  target.    Sighting  shots. 


9.00 
2.00 


2.75 
3.17 
2.00 
8.00 
6.17 


1.83 


2.00 


10.25 

6.75 

12.00 


10.11 
3.11 


1.64 
2.06 
.88 
4.89 
6.06 


ass 


18.67  I 

Missed  target  and  struck  100  yards  beyond 

.25  I f I  LOO  I      L36  | f 

Missed  target  and  struck  100  yards  beyond 


2.00 
16.67 


8.25 

3.75 

10.00 


LOO 


1L25 


20.00 


15.00  3LO0 


8.84-I-8— Lll     16-^8  =  2.00 


14.58 


14.54 


20.12-1-8=3.64 


22.00  22.00 


44  •♦•8=5.50 


Fired  at  200.yard  target  to  try  rear  fazes.    Target  4  inches 

thick;  direct  hit;  no  burst. 
Fired  at  200-yard  target  to  try  rear  Axzes.    Target  4  inches 

thick ;  barst  on  striking  target. 
Fired  at  200-yard  target  to  try  rear  fuzes.    Target  4  inches 

thick;  direct  hit;  no  burst. 
Fired  into  sand  butt.    Fuze  did  not  ignite.    At  round  146, 

bolt,  holding  brace  to  top  of  elevating  screw,  broke. 


Bemarks. 


Bolt  at  axle  holding  brace 
on  left  side  of  carnage  to 
trail  broke  daring  firing, 
and  was  immediately  re- 
placed. 

From  examination  of  the 
sronnd  between  gun  and 
target  it  is  evident  that 
three  others  of  these  pro- 
jectiles, besides  the  two 
noted,  stripped  in  fiight. 


Fired  at  mile  target.    Tar- 
*    get  20'  X  40',  made  of  1" 
sprace  boards. 


Band  stripped. 

t 


Band  stripped. 

Mean  vertical  deviatioD 
from  center  of  Impact, 
3'.64. 

Meui  horizontal  deviation 
from  center  of  impact, 
5'.  50. 

Mean  deviation  from  cen- 
ter of  impact,  6^.60. 
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Table  No.  1. — Target  record  of  firing  with  3.20-ino^  hreech-loading 


Baiometer,  80.246; 
thermometer,  73; 
relative  hnmidity, 
42;  wind,  4  milee 
an  hoar. 


Barometer,    80.206; 
thermometer,  51 ; 
relative  humidity,  i 
50;  wind,  4  miles 
an  hour. 


Barometer,    80.071 ; 

thermometer.  53; 
.  relative  hnmidity,.  4 

67 ;  wind,  8  milee 

an  hoar. 


I 

a 

p 


Time. 


188a 
146  Sept.  28 


147 


Sept.  28 


148  Sept.  23 


140  Sept.  28 


150  Sept.  23 


151 


Sept.  23 


152  Sept.  23 


153 

164 

155 

156 

157 

158 

ISO  Oct   20 


160  Oct.  20 

lOl'oct.  20 

162  Oct.  20 

163  Oct.  27 


164  Oct.  27 


Powder. 


Kind. 


Du  Font's  L  K.  Den- 
sity, 1.725;  granala- 
tion,  2,200. 


.do 


.do 


.do 


.do 


.do 


.do 


Da  pont's  I.  K.  Den- 
sity, 1.725;  eranula- 
tUm,  2,200. 


.do 
.do 
.do 
.do 


.do 


Weight. 


Lbs 


2 


2 


2 
2 
2 
2 


Ob. 


8 


8 


8 


8 


8 


8 


8 


8 


8 
8 
8 
8 


8 


Projectile. 


Kind. 


Hotchkiss  (new)  shell 
with  rear  faze,  1  brass 
band  IF'  wide,  3  ribs 
on  shell,  shell  2.8  cali- 
bers long,  not  loaded. 

Hotchkiss  (new)  shot, 

1  brass  band  1^'  wide, 

2  ribs  on  shot,  shot  3 
calibers  long. 

Hotchkiss  (new)  shot, 
1  brass  band  U"  wide, 

3  ribs  on  shot,  shot  8 
calibers  long. 

Hotchkiss  (new)  shot, 
1  brass  band  1^'  wide, 
3  ribs  on  shot,  shot  3 
calibers  long. 

Hotchkiss  (new)  shot, 
1  brass  band  U"  wide, 
3  ribs  on  shot,  shot  3 
calibers  long. 

Hotchkiss  (new)  shot, 
1  brass  band  1^'  wide, 
3  ribs  on  shot,  shot  3 
calibers  long. 

Hotchkiss  (old)  shell 
with  rear  faze,  1  brass 
band  1^'  wide,  3  ribs 
on  shGiL,  shell  3  cali- 
bers long,  loaded. 


Weight 


Lbs  Os. 


U 


12 


Hotchkiss,  1  copper 
band  1^'  wide  (05  per 
cent,  copper,  5  per  ot. 
spelter),  3  rios  on 
rand,  shot  3  calibers 
long. 


.do 
.do 
.do 


Hotchkiss,  1  copper 
tMUid  U"  wide  (05  per 
cent,  copper,  5  per  ct. 
spelter),  5  ribs  on 
band,  shot  2.5  cali- 
bers long. 

do 


19 


12 


12 


12 


11 


12 


12 
12 
12 
U 


U 


12 


12 


12 
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ekambered  rifle  No,  774,  at  Sandy  Hooky  N,  J^.— Continued. 


« 

GO 


« 

o    t 


9J 


►  ■ 


^1. 
2g.S 

P.og 


20,000 


— i  '19. 000 


II 


140 


1  40 


140 


1  40 


-H 


7  30 


1,403 


§ 

5 


4i> 

o 
,a 

IB 


1^  o     I  a  2 

si  '*Z 

I  II 

eh. 


/I 


// 


f# 


1,368 


1,3231  21 


1,841  21 
1,364  21 
1,358   21 


7  30 


3.18  ,  3.28 


8.18 


3.18 


3.28 


3.18 


8.28 


3.S8 


3.18     3.28 


3.18 


3.28 


8.18     3.28 


3.18 


3.18 
3.18 
3.18 
3.18 


3.18 


3.31 


3.81 
3.32 
3.32 
3.31 


3.31 


3.14 


4i 


9 


o 

•g 


3.14 
3.14 
8.14 
3.14 


3.14 


// 


3.14 


3.14 


3.14 


3.14 


3.14 


Remarks. 


Fired  into  sand  bntt.    Fnze  exploded. 


Fired  into  sand  butt. 


Fired  down  beach. 


Do. 


Do. 


Do. 


Fired  down  beach.    Shell  did  not  explode. 


Theee  rounds  were  not  fired  in  the  preeenoe 
of  the  board,  beinfc  fired  for  the  purpoae  of 
obserring  the  efiect  of  aUchtlv  enjarging 
the  bore  of  the  gnn  on  the  band,  of  the  pro- 
jectile, and  hence  no  record  of  Uiem  are  in 
the  files  of  the  board. 


>  Fired  into  sand  butt 


Fired  over  wator.    Clear  smooth  soon^ 
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Table  No,  1. — Target  reoord  of  firing  with  S.'HO-inek  bretek-loadiKj 


t 

Powder. 

ProteelUe 

!* 

i= 

iill  1 

S 

1 

Time. 

il 

Kind 

Weiglii. 

Kind. 

Welt(fat 

i 

Lba 

(h. 

Lb> 

■^i" 

J3 

l^s- 

1880. 

o   . 

IM  Not 

''!i 

330 

3 

IMNoT 

17 

12 

330 

3 

;| 

wJnot 

17 

12 

333 

a 

16g|  Hot 

IT 

ll 

12 

33S 

' 

», 

Mot 

IT 

12 

33S 

3 

31 

J      -rf 

no 

KOT,  IT 

^ 

■    *ll=  ■ 

12 

.... 

3  35 

'! 

t 

BuomateT,    80.224  i 

-.3.,=. 

1 

1 

MtoHvohWdltj;  { 

1 

U;  wlni,Umait 

1 

l\ 

■DhODT. 

"g 

171 

Not 

4 

12 

3^    3 

1 

I 

172 

Hot 

12 

3  35'    3 

173 

Hot 

i 

...de....newRhot 

12 

.... 

»H 

174 

Not 

...do..-.Dew.bot 

12 

.... 

175 

Hot 

J" 

...do... -new  shot 

12 

3m! 

ITfl 

1 

1 

,..do...->iewihot 

177 

Hot.  » 

i? 

i 

12 

33S 

178 

Not 

U 

1 

U 

S3S 

S 

17fl 

Hot 

» 

12 

835 

* 

IW 

Hot 

IS 

Jii 

IS 

S3S 

IBS 
1«3 

Hot 
Not 

1 

» 

ft 

12 

3» 
B3» 

i 
1 

1B4 

Not 

IS 

»|!. 

.... 

33S 

3 

ll! 

Hot 

33S     3 

nlattvehanildit;. 

!! 

1 

lT;wti]d.lOmIlM 

ise 

Not 

19 

£b2 

12 

■alumr. 

1 

1 

ill 

J 

1S7 

HOT.IB 

ill 

12 

....]. »!  « 

3 

18« 

Not 

19 

I!:....   3  35;    w 

4 

189 

hot 

19 

•■'"■■"£••' 

12....3»2» 

IMIToT 

...do....rebiiDded 
...do....r2jll'^ 

12:....  ssb!  si 

Ifll  Nov 

19 

12 

1 

- 
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^kamhered  rifle  No,  774,  at  Sandy  Hookf  N,  J, — CQntinued. 


instance  ftom  center  of  target, 
in  fe«t. 


Distance  from  center  of  impact, 
in  feet. 


Tertical. 
Abexe.   Below. 


I 


Horizontal. 


Vertical. 


Horizontal. 


Remarks. 


Right.     Left,   j  4boTe.   Below. '  Right. 


Left. 


Fired  at  mile  target;  sighting  shots 


.17 

10.75 

5.17 

U.00 

&16 

14.48 

13.50 

3&18 

13.50 -»•  3  =  4.50  ;  36.18 -»- 3 =12.06 


2.00 
4.83 
3.00 
2.17 
2.83 
3.53 


18.36 
18.36 -»- 6=3.06 


6.00 
7.43  I 
6.17 
L25  ■ 
2.75  ' 
5.92 


20.52 
29.52 -»- 6=4.92 


Fired  at  mile  target ;  sighting  shots 


9.00 


2.66 


3.44 
0.17 
.17 
10.00 
8.00 
4.00 


3.43 


1.00 
7.00 


I 


2.75 
1.00 
4.00 
1.00 


11.89 

1 

.96 

.55 

1.04  I . 

6.28 

! 
t 

4.96 

2.  ?2 

5.47  |. 

1 
j 

• 

7.11 

.71 

........ 

5.11 

1.04    . 

1.11 

1 
1 

1.96 

5.55 

1.04  .. 

I  Target  No.  t.—Fired  at  mile  tAr- 
}    get.    Target  20^  x  40',  made  of 
1"  spruce  Doards. 

Mean  vertical  deviation  from  een- 

ter  of  impact,  2'.89, 
Mean   horizontal  deviation  from 

center  of  impact,  1'.58. 
Mean  deviation  from  center  of  im- 

pact,  3. 29. 


Target  No.  2.~Fired  at  mile  tar- 
get.  Target  20'  x  40',  made  of 
1"  spruce  boards. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  0'.75. 

Mean  horizontal  deviation  fr«m 
center  of  impact,  1'.95. 

Mean  deviation  frt>m  center  of  im- 
pact. 2.09. 


Target  No.  3.— Fired  at  mile  tar- 
S    get.    Target  20'  X  40\  made  of 
r*  spruc-e  Doards. 


11. 66  I    34. 78        3. 43       19. 75  i    20. 16  •    20. 16 


8.59 


I  Mean  vertical  deviation  from  cen- 
8. 59  j      ter  of  impact,  5'.04. 

, ■ 1 Mean   honzontal  deviation  fram 

23.12-^8=2.89  |  16.32 -»- 8  =  2.04      40.32 -h  8 =5.04    17.18 -»■  8  =  2. 19         center  of  Impact,  2'.15. 

—  -     -  -_  -     -     -       _ r-    -         -I  Mean  deviation  from  center  of  im- 

pact, 5'.4^\ 


9.17 


6.00 

• 

L25 

4.10 

1.08 

10.25 

1L35 

1.10  -»- 1 

5=.22 

1.25 
5.42 
3.25 
7.33 


LIO 


9.39 


•  I 


1.30 


17.25 


1. 10       10. 69 


&78 
1.03 
3.88 

10.09 


4.35  I 

f 

2.00  ' 


4.18 


16.15 -«- 5=3  25  !  21.38 -4- 5=4.28 


6.35 


6.35 


Target  No.  4.  -Fired  at  niUe  tar- 
0171  >     get.    Target  20'  x  40',  made  of 

I I        1' spruce  buards. 


33  OBD 


Mean  vertical  deviation  from  cen- 
ter of  impact,  4'.28. 
Mean   horizontal  deviation  tfm 
center  of  impact,  2'.54. 
12.70  -f-  3=2.54  j  Mean  deviation  from  center  of  iis- 
-  '      pact,  4'.98. 
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Table  No.  1.— Target  recori  ofjiring  Hitlb3.20-tnofc  treecA-lMdiaf 


m 

F.I  ,1, 
F.b.  llj 

308 

»•■■    •, 

2(« 

210 

»..  .! 

211 

,^.  .1 

212 

212 

.L.^    J 

it 

sS 


I  I 


III 


..S90.. 


lotchkiH,rebuid< 
1  coppec  btad,  . 
per  oent.  copper,  S| 

iUiida  under  <iuii 


Hotchkiu  (naw 
upper  bud. 


jButler  (ne*) 

BoUihkisa,  rebudcd, 


otchklai,rebuded. 


12'..     )   23,0m  1.S77-3«  |2       M 


J  22,51 


■B        I 
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chambered  riJU  No,  774,  at  Sandy  Hook,  N.  J, — Continued. 


• 


o  o 

I 


IJ 


a.  18 

a.  18 

3.18 

3.18 

3.18 

3.18 

3.18 

3.18 

3.18 

3.18 

3.18 

3.18 


2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 


3 
3 


3.18!  2.8 


3. 18  2. 8 
3.  id  2. 


I 


3.1ft 


2.8'. 


3.18j  3 
3.18  2.8 
3.18  3 


6 
8 
8 
8 
3 
8 
8 
8 
8 
3 
8 
3 


Distance  from  center  of  tar- 
^t,  in  feet. 


Vertical. 


AhOYe. 


Below. 


Horisontal. 


Diatanoe  from  center  of  im- 
pact, in  feet. 


Vertical. 


Horiaontal. 


Right. 


Left.  I  Above.  I  Below.    Right.    Left. 


Remark*. 


3 
3 

...t 


Fired  at  mile  target;  direct  hit,  1'  left, 

» Fired  ^'^  milA  tATimt ;  Hiffhtinir  Rhot..<i  . 

1'  above 

1 



2.64 
2.00 
7.00 

1 

1. 50          •  fll 

3.17 

1.0« 

*                                         •  •  •• 

&33 

laoo 

9.00 

.17 
5.17 
3.17 

^  ! 

7.73 

5.00 

3.73 

3.00 
5.00 

7.42 

4.88 

&83 

.83 

12.69 

1.00 

16.26 
5.00 

3.17 

.27 
6.77 

23.50 

10.96 

5.00 

1 

,      1.60 

22.64 

1 

8. 00  1      8. 02  ,51. 08       12. 49 

i               1 

12.49 

23.50 

1 

14.64  -1-8—1.83   42.16-^8=5.27'  24.38  -i- 

1                           1 

8  =  3.12 

47.00-»-8=5.87 

Target  No.  5.— Fired  at 
mile  target  Target 
20^  X  40',  made  of  1" 
spnice  boards. 


Fired  at  mile  target ;  over 

Fired  at  mile  target ;  direct  hit,  9'.50  above,  V  left 


Fired  into  nand  bait  to  try  powder. 


) 


Mean  vertical  defiatiea 
from  center  of  Imnaet 
3M2. 

Mean  horizontal  deviatieik 
from  center  of  impaat, 
5'.87. 

Mean  deviation  from  cen- 
ter of  impact,  6'. 65. 


I  Fired  into  nand  butt  to  trv  powder.    Projeotiles  in  rounds 
211  and  213  key  boh  d. 


f  At  210th  round  forward 
eye-belt  holding  right 
cap  square  over  tnui- 
nion,  and  lower  belt 
fastening  left  diasonal 

^     brace  to  axle,  broke. 
Pressure   sange   in 
breech-blocK;  area  of 
piston,  1 89 .  inch.;  rect- 
angular disc;  circular 

\    knife. 
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Table  No.  9.—Targtt  reoord  of  firing  wUk  3.20-iiiefc  hmdh 


\u    Time. 

>5 


Powder, 


Kind. 


'Proof  Toonds  fired 
bT  the  CoDstractor 
ofOrdiuuLoe. 


Vi 


1881. 


Barometer,   29.612;  f!  3 
thermometer,  41;         I 
relAtiTehomiditv,  s  '    ' 
57  per  cent.;  wind, 
23  mile*  an  hoar 


3.Har.  24DaPont'8l.K. 
A.  Density, 
1.725;  granu- 
lation, 2,206. 

4,Mar.  24  . . .  -do 


Wgt 


Barometer,     29.07 ; 
thermometer,  72; 
relative  homidity,  < 
54  per  oent.;  wind, 
18  milee  an  hour. 


5  Jane  15  Da  Font's  I.  A. 
t  I  Density,  1.750; 

granulation, 
2,200. 

6' June  Is'Da  Font's  I. K. 
A.  Density, 
1.725;  grana- 
lation.  2.200. 

7  June  15  — do 


8 


2 


Projectile. 


4 


Kind. 


Butler  oored 
shot  (new). 
Den8it7,8.ia 


II 

IS 


o    / 


.do 


12= 


12 


8 


Butler  oored  12 
shot.    Diam 
eter,3.18;  sa 
hot  long  lip 
and  flare. 
..  .do 


8  June  15' 
I 

9  June  15 

lOljune  15 

I  ( 

I  I 

llJnne  15 


12 


June  15 


13  June  15, 

14  June  15 


15  June  15; 

I    I  I 

16  June  15 

■     I  ' 

17.June  15! 
'    I 
|18jJnne  15 

19  June  15 


,  .do 

.  .do , 

.do , 

.  .do 

..do 

,.do , 


.do. 
..do. 
..do. 
..do. 
..do. 


2,  8 


2  8 

I 
2  8 

8 

2.  8. 

2  81 

Vi 

2:3 


. .  .do 
...do 
...do 
...do 
. .  .do 
...do 
...do 
...do 


8> 


2  8. 

2'  8= 

2,  8'. 

I    I 
2   8. 


..do 
..do 
..do 
...do 
...do 


12 


12 
12 
12 
12 
12 
12i. 


8 


ii>^  3 
i^^:.| 

A 


9^ 


^io 


1,452 


28 


1,435  25.3S 

1.2«8>i       • 
0  13,500{l.270>22 


-4 18, 000  <1. 


-i  17, 000 


1  30 
145 
150 
1  50 

I 

1  50 

1  50 

I 
I 


I 


12..  1  50 


12'. .11  50 


12 
12 
12 


1  50 

1  50 
1  50 


12..  1.50 


,.lj 
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loading  chambered  rifle  No,  4,  at  Sandjf  Hook,  N,  J, 


^^ 


33 


2.8 

2.8 
2.5 

2.5 

2.8 
25 
2.5 
25 
2.5 
2.5 
2.5 
25 


I>i8tamce  from  center  of  turget, 
JLnfeet« 


Vertical. 


Horlsontal. 


Above.  I  Below. 


Right. 


Distance  from  center  of  impact, 
in  feet. 


Vertical. 


Left.    Above. 


Below. 


Horizontal. 


Right. 


Left. 


Remarks. 


fired  into  sand  butt ;  escape  of  gas ;  opened  easily ;  oatside  lip 
of  sabot  at  base  expanded  from  3".31  to  3".48  in  firing. 

7*ired  into  sand  batt;  escape  of  gas;  opened  easily;  gun  and  car- 
riage ftee  to  recoil  on  plank  road. 


Fired  at  1,000-yard  target ;  sighting  shots 


4.76 

4.8S 

1.88 

.66 


1L67 


i.e? 


3.17 


L67 


28 
28 
28 
2.8 
28 


9.90-»-5=1.98 


3.17 


a  17 
6.00 
8.17 


L83 


2  77 
2  86 


17.17 


14.00-»-5=:2.80 


5.62 


3.65  •. 


.65 
L32 


L63 

5.97 

.97 


6.62 


8  57 


5.37 
3.20 


(Gon  mounted  on  new  field 
!  carriage,  steel  axle.  After 
]  proof  rounds  gun  cham- 
i     oered  for  Butler  sabot. 


(  Struck  80  yards  short. 
(  Passed  under  target. 


Target  No.  1.— Fired  at  1,000- 
yd.  target.  Target  11'  X  52',. 
made  of  1"  spruce  boards. 


n.24-»-5=225   i  17.14-»-5=3.48 


'  Mean  vertical  deviation  from 

D  57  ,      centerof  impact,  2'.25. 

Mean  horizontal  deviation 
!      trom  center  of  impact,  3'.43. 

Mean  deviation  from  center  of 
impact,  4M0. 


.68 


L60 


2.18 


.83 
4.25 


L60 


&58 


4.40-»-5  =  .88 


1.15 


L15 


2  58 


3.00 
8.00 
8.17 


16.75 


15.60-1-5=8.12 


.05 


L56 


238 


3.99 


3.87 


.62 


3.99 


7.98-1-5  =  1.60 


.54 

4.27 

.12 


4.93 


h 


4.88 
.05    J 


Target  No.  2~Fired  at  1,000- 
yd.  target.  Target  ir  X  52', 
made  of  1"  spruce  boards. 


4.98 


9.86-^5  =  1.97 


Mean  vertical  deviation  from 
center  of  impact,  1'.60.  ■ 

Mean  horisontal  deviation 
from  center  of  impaet,  1.97. 

Mean  deviation  from  center  of 
impact,  2'.54. 


:::=::: —  I 
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Table  No.  2.— Target  record  of  firing  vAl\  3.30-iitck  hrttck-loa^ttf 

S  FowdoT.  PndMtUe. 


\Z\  Time. 


KiDd. 


i     111 


1 9^ 


la,..  1  4tt.., 


rB)»U»ehniDiditj.  ■ 


'S2iJoi»  21 


.  Butllr  pored  ebot,    Dl-  i 
lip  and  aar«.  I 


!« y.. 


.    ICtOO: 
.    10.00, 
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chambered  fifie  No.  A,  at  Sandy  Book,  N.  J, — Continued. 


\ 


fa 
^3 


Distance  flnom  center  of  target, 
.  in  feet. 


Vertical. 


Abore.  I  Below. 


HoiizontaL 


Bight 


2.8  i      1.00 

2.8 
t.8 
2.  6  1.  50 


2.50 


Diatanoe  tram  center  of  impact, 
in  feet. 


YerUcal. 


Horlaontal. 


Remarks. 


.17 


,       .68 
1.50 


Left. 

Above. 

Below. 

Bight. 

.92 

1.13 

1.75 



.76 

Left. 


.79 


.83 
1.43 


2.18 
32-1- 4  =  .08 


.17        4. 01 


3.84-i-4=.96 


1.42 

_ 

2.34 
4.68-1-4 

1.56 

.13 

i 

\ 

.47 

•       1 

2.34 
=  1.17 

L26 

L26 

2.62+4— .63 

Target  Xo.  6.— Fired  at  1,000- 
y^  target.  Target  11' X  52' , 
made  of  1"  apruoe  boarda. 


Mean  vertical  deviation  from 
center  of  impact  1M7. 

Mean  horizontal  deviation 
from  center  of  impact,  0'.68. 

Mf  an  deviation  from  center 
of  impact,  1'.63. 


3.00 

I 

3.00 
3  00 

I 

3  00 
2.80 
2.80 

2.80 

2.80' 
I 
2.80 

2.80 

3.00. 

2.50' 

2.50 

I 
I 

2.60' 
2.50\ 
2.5o'j 


Fired  into  sand  bntt  to  te«t  carriage;  carriage  in  sand  from 
roands  58  to  60,  inclusive ;  board  under  trail. 


fAt  round  51  steel  axle  was 
noticed  to  be  bending  back- 
ward and  downwara,  and 
revolved  half  way  round, 
BO  as  to  bring  bottom  of 
linch-pin  on  top. 

At  round  44  elevating  braoe- 
pin  broke. 

At  round  86  clamp-spring, 
holding  trail  handspike  t4> 
trail,  spread. 

After  round  60  bending  of 
axle  measured  and  found 
to  be  0^^.812.  A  xle  atralght- 
ened  before  further  flmig, 
and  other  repairs  made  to 
carriage,  and  a  set-screw 
was  tapped  through  plate 
holding  right  cheek  to 
axle,  to  prevent  axle  from 
turning,  and  diagonal 
braces  mnn  inside  of  hub 
to  cheeks  of  trail  put  on. 
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Table  No.  2.~Target  record  ofjiring  with  3.9(M««1  tre**- 


IE :  JuBf : 
la  JiiBP  i 

IT  I  JaDP  1 
'  IB  June! 
:  1>  Jnnp  I 

20  Jddc  : 

I  !2  I  Jddc  ! 


nUtln  bnmidlty. 


IP' 


u 

4 

11 

4 

■- 

' 
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loading  chambered  rifle  No,  3,  at  Sandy  Hook,  N,  J, 


Distance  from  center  of  target 
in  feet. 


Vertical. 


Horizontal. 


Distance  fh>m  center  of  impact 
in  feet. 


Vertical. 


Horizontal. 


Kemarks. 


Above. 


Below. 


Right. 


Left. 


Above. 


Below.  I  Right. 


Left. 


Fired  at  1,000-yard  target ;  sighting  shot ;  over. 

l?arget  11'  X  52',  made  of  1"  spmce  boards ;  15  to  20  feet  short 


Diagonal  braces  from  inside  of  hub 
to  cheeks  of  trail  jmt  on. 


.34 

3.00 

2.57 

3.00 

.50 

3.75 
6.50 
6.18 
6.33 
2.67 
7.75 

1       l.«7 

1.78 

1.67 

1.24 
L67 

4.58 

.97 
.65 
.80 

2.22 

........ 

.75 

2.08 

2.86 

.83 

1.09 

9.07 

33.18 

4.58 

4.64 

4.64 

7.08-»-6»1.33 

38.181-6-5.53 

9.16 -i-< 

}»1.53 

9.28-i-6»L55 

1.83 
3.17 

6.75 
5.00 
2.00 
L33 

% 

1.58 
2.90 

1 
2.98  ' 

1.23 

* 

L77 
2.44 

2.50 

2.77 
1.69 

1?42 

3.02 

5.00 

1 

15.08 

4.46 

4.46 

4.21 

4.21 

1.08-»-4«.27 

15.08  +  4  =  3.77 

8.92 -»■  4 

I »  2.23 

8.42 -i-4c2.il 

A 

Target  No.  1.— Fired  at  1,000  yard 
^    target;  target  11'  X  52',  made  of 
1"  spnioe  boards. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  l'.S3. 

Mean  horuontal  deviation  from 
center  of  impact,  1'.65. 

Mean  deviation  from  center  of  im- 
pact, 2'.  18. 

1 

Target  No.  2.— Fired  at  1,000  yard 
target;  target  11'  X  52',  made  of 
1"  spmoe  boards. 


Round  13.— Rear  bolt,  holding  tran- 
soms bed-plate  to  left  cheek  of 
carriage,  broke. 

Mean  vertical  deviation  from  cen- 
ter of  impact,  2'.23. 

Mean  horizontal  deviation  from 
center  of  impact,  2^.11. 

Mean  deviation  fh>m  center  of  im- 
pact, 3'.08. 


<  Fired  into  sand  butt. 


Round  17. — All  bolts  holding  trun- 
nion bed-plate  to  check  of  car- 
riage entirely  broken  off. 

Round  18. — Cap-square  on  right 
side  of  carriage  bent  upwards 
owing  to  bed-plate  on  other  side 
being  loose. 

After  round  20  firing  discontinued; 
bolts  in  bed-plate  replaced. 

Round  21. — ^Pin  holding  braces  for 
elevating-screw  broke. 

Round  23.— Elevating  screw-braces 
broken  loose  frt>m  elevating- 
screw;  elevating-screw  taken  out 
and  braces  taken  off  and  elevation 
afterwards  given  with  a  quoin. 

Axle  was  found  to  be  bent  back- 
wards and  upwards  0.34  of  an  inch 
after  round  29. 

From  rounds  16  to  29,  inclusive,  } 
pound  of  sand  put  in  shot  to  bring 
weight  up  to  12  pounds. 
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Table  No.  3.— IVirpet  record  of  firing  with  ZStO-inok  hroeek- 


•o  « 

1 

o 

Time. 

Powder. 

Projectile. 

• 

s 

Direction  of  win 
as  regards  lln 
of  fire. 

Weight. 

Weight 

1 

Kind. 

Kind. 

1 

Lbs 

0. 

Lbs 

Oz. 

1881. 

0     / 

' 

30 

June  25 

■ 

2 

8 

• 

1  85 

Front  and*   2.5  ! 

•a 

left. 

31 

June  25 

2 

8 

1 

1  30 

' 

2.5 

32 

June  25 

9 

8 

a 

1  30 

2.5 

« 

33 

June  25 

2 

8 

! 

1  30 

2.5 

34 

June  25 

2 

8 

CO 

• 

1  30 

2.5 

35 

Jnne25 

• 

2 

8 

&3 

1  30 

• 
ja 

2l5 

1 

Barometer,  30.15;  thermome- 

^1 

ter,  71;  relative  hnmidity,' 

S 

54  per  cent. ;  wind,  7  miles 
an  nonr. 

_• 

^    ?    ' 
^ 

S 

-^•S 

w^ 

N" 

o 

§ 

tS 

a 

s 

36 

Jane  25 

1 

2 

8 

1 

11 

1  30 

N 

2.8 

37 

Jane  25 

1 

2 

8 

1 

U 

1  80 

• 

2.8 

33 

Jane  25 

I 

2 

8 

3    « 

11 

1  30 

2.8 

39 

Jane  25 

m 

2 

8 

11 

1  30 

2.8 

1 

40 

June  25 

• 

< 

2 

8 

• 

11 

1  30 

. 

2.8 

• 

• 

« 

July  21 

5 

2 

8 

■ 

11 

•  •  •  ■ 

3  50 

• 

2.8 

42 

July  21 

•4a 

1 

2 

6 

1 

11 

•  •  •  • 

840 

2.8 

43 

Jaly  21 

2 

8 

.2 

11 

■  ••  ■ 

3  80 

2.8 

44 

July  21 

2 

8 

1 

11 

•  •  •  • 

3  20 

•a 

2.8 

45 

Joly  21 

2 

8 

8 

11 

IT  •  • 

3  1« 

^ 

2.8 

Barometer,  29.61;  thermome- 

>           < 

.  1  . 

ter,  85;  relative  humidity, , 

46 

Jaly  21 

2 

8 

11 

■  •  •  • 

3 

2.8 

53  per  cent ;  wind,  10  miles 
an  noor. 

f 

1 

47 

Jaly  21 

2 

8 

S 

U 

•  •  •  ■ 

256 

2.8 

48 

July  21 

2 

8 

1 

11 

•  •  •  • 

2  55 

1 

2.8 

49 

July  21 

2 

8 

1 

11 

•  •  •  • 

255 

2.8 

50 

July  21 

2 

8 

s 

11 

•  •  *  • 

2  55 

2.8 

• 

51 

July  21 

J 

2 

8 

11 

•  •  •  • 

2  55 

« 

2.8 

■ 
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loading  chambered  rifle  No  Z,  at  Sandy  Eooh,  N, «/. — Continued. 


Distanoe  from  center  of  target, 
in  feet. 


Vertical. 


Above. 


Below. 


Distance  from  center  of  impact, 
in  feet. 


Vertical. 


Right.  I   Left.  I  Above.  >  Below 


Remarks. 


3.00 
2.17 


3.42 


2.75 


4.17 


6.17 


2.00-»-!k=:.40 


10.50 
8.68 
8.17 
9.43 
8.17 


2.40 

2.57 

.40 


i      3. 02  1 

1.51 

.31 

1. ...... . 

........ 

.82 

44.95 


44.95-1-5  =  8.99 


5.37 


2.35 


5.37 


.44 



1 
"'.'82 

1.95 

1.95 

10.74  +  6=2.15     3.90 +  5  =  .78 


Fired  at  l,000.yard  target;  sight- 
ing shot ;  over. 


Target  No.  3. —Fired  at  1,000- 
>     yard  target.    Target  ll'x52', 
made  of  i"  spruce  Doards. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  2M5. 

Mean  horizontal  deviation  from 
I      center  of  impact,  0'.78. 

Mean  deviation  from  center  of  im- 
pact, 2'.29. 


6.50 

.08        5.56 

........ 

.26     »6.84 

.08  1      4.68 

.58  '      5.00 

.20 
.12 


.12 


1.00 


28.00 


I 


.44 


.78 


06 


1.12 


38 


.14 


€.04 
.72 


Target  No.  4.— Fired  at  1,000- 
)     yard  target.    Target  11'X52', 
made  of  r'  spmoe  oouds. 


.44 


1.90 


1.00-»-5  =  .20      28.60-1-5  =  5.72'     .88-i-5  =  .18         3.80-»-5  =  .76 


Mean  vertical  deviation  from  cen- 
1. 00  '      ter  of  impact,  0'.18. 

Mean  horizontal  deviation  from 
center  of  impact,  0^.76. 

Mean  deviation  from  center  of  im- 
pact, 0'.78. 
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19.92 


19.92-1-4=4.98 


'        .42 

.  52  I      2. 42 

.^  I 


Over  target. 

beyona. 
Over  tarset. 

beyond. 
Over  target. 

beyond. 
Over  tarcet. 

beyona. 
Over  target. 

beyond. 
Over  target. 

beyond. 


Struck  200  yds. 
Struck  150  yds. 
Struck  100  yds. 
Struck  100  ydo. 
Struck  75  yds. 
Struck  50  yds. 


1.42  ^ 


8.16 


38.32 


.73 


.19 


1.42 


Target  No.  5.— Fired  at  1- 
mfle  target.  Target  20'X 
40',  made  of  1-inch  spruce 
boards. 


4> 

d 
on 


.73 


2.84 


2.84 


38.32  +  4=9.58 


1.46-»-4=.37 


5.68-1-4  =  1.42 


Mean  vertical  deviation  from  con* 
ter  of  impact,  0'.37. 

(Mean  horizontaT  deviation  fh>m 
center  oc  impact,  1'.42. 

Mean  deviation  from  center  of  im- 
pact, 1'.47. 
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APPENDIX  38c'. 

REPORT  ON  11-lNCH  MUZZLE-LOADINO  CHAMBERED  RIFLE  No.  2. 

(Three  pUtes.) 

A  description  in  detail  of  this  gun,  a  conversion  from  the  15^'  smooth- 
bore, as  originally  turned  over  to  the  Ordnance  Board  for  trial,  will  be 
found  in  this  report.     (Appendix  37».) 

CARRIAGE. 

The  carriage  from  which  this  gun  has  been  fired  is  the  ordinary  16'' 
frontpiutle,  with  pneumatic  buffers,  and  the  addition  of  a  friction  recoil 
check,  as  it  was  evident  that  with  the  use  of  the  heavier  pi-ojectiles  and 
powder  charges,  as  compared  to  those  employed  in  the  15''  smooth-bore, 
the  pneumatic  buffers  alone  would  not  afford  sufficient  resistance  to  the 
recoil.  The  friction  rail  afforded  the  most  economical  auxiliary  appli- 
cable to  this  purpose.  After  a  few  rounds  it  was  found  necessary  to 
strengthen  the  check  by  increasing  the  rubber  buffer  at  the  rear,  and  by 
substituting  a  wrought  for  a  cast-iron  washer.  Since  then  the  carriage 
has  worked  well,  considering  its  impromptu  character. 

POWDERS. 

The  trial  was  begun  with  powder  of  the  same  type  as  that  principally 
employed  in  the  trial  of  the  unchambered  gun  of  this  caliber,  viz,  Du 
Pont's  Hexagonal  I.  H.  A.;  density,  1.8;  granulation,  40;  but  the  re- 
sults with  this  powder,  using  charges  of  120  pounds,  for  which  the  gun 
was  first  chambered,  it  will  be  seen,  were  not  entirely  satisfactory,  and 
other  powders  were  in  turn  tried,  with  the  varying  results  shown  in  the 
accompanying  table.  Attention  is  especially  invited  to  the  varieties 
I.  L,,  I.  M.,  I.  N.,  and  I.  O.  The  former,  I.  L.,  is  the  experimental  powder 
submitted  by  Messrs.  Du  Pont,  in  which  the  percentage  of  nitre  was 
reduced  5  per  cent.,  and  to  which  reference  is  made  in  the  board's  letter 
of  February  8, 1881,  given  below.  The  varieties  I.  M.,  I.  N.,  and  I.  O. 
were  all  of  the  same  density  and  granulation  (1.784 — ^67),  the  only  dif- 
ference between  them  being  in  the  mode  of  their  manufacture.  In  the 
manufacture  of  the  two  lots,  I.  M.  and  I.  N.,  the  percentage  of  water 
employed  in  pressing  was  increased,  and  they  differed  further  in  manner 
of  drying.  In  the  lot  I.  O.,  the  working  in  the  incorporation  mill  was 
longer  continued  than  is  usual  with  powders  of  this  type.  The  results 
with  the  I.  O.  were  more  uniform,  and  generally  more  satisfactory,  and 
the  test,  with  the  approval  of  the  department,  will  be  completed  with 
that  make  of  powder. 

TEST   OF  THE  GUN. 

The  gun,  as  turned  over  to  the  board,  was  chambered  for  a  powder 
charge  of  120  pounds^-as  shown  in  Plate  I.  After  firing  22  rounds,  with 
results  as  shown  in  the  accompanying  table,  the  board  submitted  the 
following  communication  to  the  department : 

Ordnance  Board, 
New  York,  February  8,  1881. 
The  Chief  of  Ordnance,  U.  S.  A., 

Washington,  D,  C.  : 

Sir:  I  have  the  honor  to  inclose  herewith  an  abstract  from  the  firing  record  of  the 
11-inch  chambered  rifle,  from  the  first  to  the  last  of  the  trial  ronndH  thus  far  made.  It 
will  be  seen  that  of  the  four  varieties  of  powder  tried,  the  F.  P.  C.  density  1.785, 


i 
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granulation  67,  gave  the  most  satisfactory  results,  with  Yelocities  and  pressures  grad- 
ually increasing  up  to  a  eharge  of  120  pounds,  where  an  averaffe  velocity  of  1,462.5 
feet  with  a  corresponding  pressure  of  36,750  pounds  was  obtained.  An  addition  of  2| 
pounds  to  the  charge  then  gave  but  5.5  feet  increase  in  Telocity,  with  a  pressure  run- 
ning up  to  41,000 — indicating  that  with  this  powder,  with  the  present  sized  chamber,  a 
120  pound  charge  would  be  about  the  limit. 

The  board,  in  considering  these  results,  which,  though  fair  for  this  conveTsion,  do 
not  entirely  reach  the  power  which  it  is  thought  should  be  realized  from  this  gun, 
has  carefully  gone  over  the  subjects  of  air-spacing  and  powders  applicable  to  a  gnn  j 

of  this  class,  when  the  subject  of  air-spacing  is  so  pointedly  met  by  shortness  of  bore,  fj 

and  from  the  reasons  following  is  led  to  recommend  an  enlargement  of  the  powdei  / 

chsmiber  to  the  proper  dimensions  for  the  accommodation  of  a  powder  charge  of  130 
pounds  (F.  P.  C.)  in  lieu  of  the  present  120.  This  enlargement  can  be  g[iveu  quickly, 
and  at  a  little  cost,  by  prolonging  axially  the  present  chamber  3^33 — simply  moving  ^ 

the  forward  frustum  that  distance  toward  the  muzzle.  This  method  is  considorod 
preferable  to  a  radial  increase,  as  a  diminution  in  thickness  of  that  portion  of  the  tube 
surrounding  the  chamber  is  tnereby  avoided.  With  this  enlargement  the  capacity  of 
the  chamber  is  increased  377  cubic  inches,  giving  a  total  capacity  of  4,388  cubic 
inches,  and  an  increa<)e  of  63  cubic  inches  in  the  total  volume  of  bore ;  the  space  per 
pound  of  powder  is  increased  to  33.75  cubic  inches  as  compared  to  the  present  33.42, 
while  the  number  of  volumes  of  expansion  of  the  bore,  with  the  ten  pounds  increase 
in  charge,  is  diminished  but  0.489.  With  this  charge,  still  using  the  550  pound  shot, 
the  calculated  velocity,  based  upon  the  actual  percentage  realized  in  the  trial  of  the 
present  chamber— charge  120  pounds  F.  P.  C. — will  be  1,514  feet,  with  a  corresponding 
pressure  of  38,500  pounds,  giving  a  total  muzzle  energy  of  8,739.3  foot-tons,  and  a  oor- 
respondinff  penetration  of  19.6  inches — an  increase  of  about  1^  inches  over  that  ob- 
tained with  the  present  chamber.  The  necessary  tools  and  fixtures  for  the  enlarge- 
ment of  the  chamber  are  on  hand  at  the  West  Point  Foundry^  and  by  sending  them 
to  the  Sandy  Hook  proving-grouiid  the  work  can  be  done  with  the  appliances  and 
labor  now  there. 

With  regard  to  powders,  it  is  proposed,  in  the  event  of  this  recommendation  meet- 
ing with  your  approval,  to  continue  the  test  with  F.  P.  C,  and,  in  addition,  to  experi- 
mentally test  a  new  variety  of  hexagonal,  granulation  67,  density  1.75,  proposed  by 
the  Messrs.  Du  Pont,  in  which  the  proportion  of  saltpeter  used  is  to  be  5  per  cent,  less 
than  in  the  present  standard,  the  slightly  lower  density  being  due  to  the  replacement 
of  the  small  proportion  of  niter  by  the  lighter  charcoal.  This  diminution  in  the  per- 
centage of  niter  should  increase  tne  amount  of  gas  evolved  and  decrease  that  of  the 
developed  heat.  By  its  use  an  increased  velocity,  without  increase  of  pressure,  may 
be  theoretically  anticipated,  and  an  experiment  made  which  may  prove  of  value  in 
the  approaching  trial  of  the  12  inch  breech-loading  rifles.  Further,  it  may  be  said 
that  the  enlargement  of  the  11-iuch  chamber  here  proposed  will  be  of  decided  im- 
portance in  fixing  the  chamber  dimensioub  of  the  11-inch  guns,  both  breeoh-loading 
and  muzzle-loading,  now  in  process  of  construction. 

A  tracing  showing  the  relative  dimensions  of  chambers  for  charges  of  120,  125,  and 
130  pounds  is  herewith  inclosed. 

For  the  board. 

Very  respectfully,  your  obedient  servant, 

T.  0.  BAYLOR,  I 

Lieut.  Col.  of  OrdnancCf  senior  inember  prewnt. 

This  request  meeting  with  the  approval  of  the  bureau,  the  chamber 
was  enlarged  as  indicated,  and  the  test  of  the  gun  resumed.  The  result 
of  increasing  the  chamber  capacity,  it  will  be  seen,  was  not  such  as  the  ^ 

board  had  anticipated.  The  power  of  tlie  gun  was  slightly  increased, 
and  the  trial  proceeded  without  especial  incident  up  to  round  the  59th 
in  all  from  the  gun,  the  47th  using  powder  charges  of  120  pounds  and 
upwards,  and  the  37th  after  the  enlargement  of  the  chamber.  At  this 
stage  of  the  trial  the  separation  of  a  defective  weld  in  the  C/Oiled  tnbe 
occurred  near  the  bottom  oi  the  chamber,  the  paper  tube  inserted  in 
the  gas-escape  showing  considerable  escape  of  the  powder  gases.  A 
series  of  impressions  showed  the  opening  to  begin  with  the  l>ottom  coil 
at  a  point  immediately  in  rear  of  the  vent,  and  to  extend  almost  com- 
pletely around  the  tube*,  with  a  width  varying  from  0".05  to  0".075.  Fre- 
quently taking  impressions,  the  trial  was  continued  to  the  138th  round,  ^ 
when  firing  was  suspended  awaiting  the  arrival  of  additional  powder 
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and  projectiles.  The  weld  opening  steadily,  developed  until  it  reached 
nearly  three  turns  of  the  coil;  the  escape  of  gas,  however,  gradually  di- 
minished until  it  was  scarcely  observable. 

The  completion  of  this  trial  will  be  watched  with  great  interest,  as  the 
present  indications  are  that  the  tube  will  yield  no  further;  but  should  it 
do  so— should  the  welds  at  the  bottom  of  the  tube  continue  to  yield 
spirally  and  the  gun  remain  otherwise  uninjured,  and  stand  its  test  of 
250  rounds,  the  inherent  strength  of  the  system  will  certainly  have  a 
crucial  test  under  most  adverse  circumstances.  Moreo>  er  the  trial  of 
the  11-inch  breech-loader  taking  place  at  the  same  time,  will  afford  a 
ready  coipparison  between  the  behavior  of  the  tubes  in  the  two  systetnSi 
muzzle  and  breech  loading,  where  the  attending  circumstances  differ  in 
so  obvious  a  manner. 

Though  the  tube  in  this  case  has  yielded  to  the  longitudinal  strains, 
the  board  is  of  the  opinion  that  with  the  breech-loader  when  the  rear- 
ward thrust  is  thrown  almost  entirely  on  the  breech-block,  the  coiled 
tube  will  prove  itself  fully  capable  of  filling  the  requirements  for  which 
it  is  Intended  and  thus  retain  within  the  present  resources  of  our  own 
country  the  fabrication  of  interior  tubes  for  our  guil  constructions  of 
larger  calibers. 

34  ORD 
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Table  No.  1. — Record  of  firings  for  endurance  with  ll-inch  muzzle-loading  r^ 

DKBCiaPTioiv  OP  GU!*. — Rifle,  oonverted  ftx>in  a  15-inch  RcNlman  smootli-boTed  gun,  by  lininc  with  aeoiled, 
of  bore,  11  inches;  leni^h  of  rifled  bore,  120.037  incbee:  diameter  of  chamber,  12  incnee;  lengtksf 
grooves,  0.09  inch :  tv^t,  nniform,  one  turn  in  00  feet.    Totiil  length  of  gun,  201.807  inches ;  irclgbt, 

ORIGISTAL 


ttannaryl2. 


Date. 


January  12 

January  12 

January  12 

January  12 

January  12  and  13 
January  13 


Charge. 


Ckrtridge 


o 

9 


o 

a 


Kind  of  powder. 


1 
1 
2 
2 
5 
1 


January  13 i    1 


1 
1 
2 
2 
1 
January  22 1 


January  13 

January  13 

January  18  and  18. 
January  19  and  20. 
January  22. 


Du  Pontes  hexagonal,  I.  H.  k. 

sity,  1.800;  granulation,  40. 
do 


Den- 


.do 

do 

.do 

do 


Du  Pont'e  hexagonal.  I.  J.  Density, 
1.794;  granulation,  30. 

Du  Font's  hexagonal,  F.  P.  C.  Den- 
sity, 1.785 ;  granulation,  67. 

."do 


.do 
.do 
.do 
.do 


• 

<•* 
us 

« 

•s 

Lbt. 

Int. 

80 

25.55 

90 

28.72 

100 

31.90 

110 

35.07 

115 

36.66 

120 

38.25 

125 

39.90 

JfM. 

10.807 
10.367 
10.867 
10.867 
10.367 
10.867 

90  2&  72  I  10.867 


Du  Pout's  hexagonal,  H.  R.    Density, 
1.785:  granulation,  50. 


100 

110 

115 

120 

122i 

120 


31.90 
^h,  07 
:{6.66 
38.25 
39.07 
38.25 


'  10.867 
10.367 
10.867 
10.367 
10.867 
10.367 


ENLARGED 


March  12,  April  19,  20, 21, 26, 27,  and 

28,  and  May  7. 
March  12  and  17  and  April  19  and  20 

March  12  and  April  19  and  20 

March  15  and  April  19. 28,  and  29. . . 

March  15 

March  15  and  April  29 

March  17 

Marohl7 

March  17 

March  17 

April  28 

April  28 

Julyl 

Julyl 

Julyl 

Julyl 

Julyl 

May  19 

May  19 

May  19  and  27 

May  19 

May  19 

May  27 

May  19 

May  19 

Mayl9and27 

July  14 

Total 


51  ,  Du  Pout's  hexagonal,  F.  P.  C.    Den- 
I      sity,  1.785;  gi-anulation,  67. 


15 


8 
5 

138 


.•3o 
do 


125     39.90 


Du  Pout's  hexagonal,  F.  P.  D.  Den- 
sity, 1.785 ;  granulation,  67. 

do 

do 

Du  Pout's  hexagonal,  I.  L.  Density, 
1.750;  granulation,  67. 

do 

do 

do 

Du  Pout's  hexagonal,  I.  H.  A.  Den- 
sity, 1.800 ;  granulation,  40. 

do 

Du  Pout's  hexagonal.  I.  P.  Density, 
1.765;  granulation,  67. 

do 

do 

do 

do 


127^  4a  72 
130  41.55 
125     39. 90     10. 387 


10.867 

10.867 
10.367 


127i  '40.72  :  10. 


130     41. 55 
120     38.25 


125  30.90 

130  41.55 

135  '43.20 

125  39. 90 


130    '41.55 
110     35.07 


Du  Font's  hexagonal,  I.  O.    Density, 

1.785;  granulation,  67. 

do 

do 

Du  Pout's  hexagonal,  I.  M.    Density, 

1.785;  granulation,  67. 

do 

do 

Du  Font's  hexagonal,  I.  N.    Density, 

1.785 ;  granulation,  67. 

do 

do 


Du  Font's  hexagonal,  F.  P.  D.    Den- 
sity, 1.785;  granulation,  67. 


115 
120 
125 
130 

120 

125 
180 
120 

125 
180 
190 

125 
180 

180 


36.66 
3&25 
39.90 
41.55 

88.25 

89.90 
41.55 

88.::5 

88L90 
41.55 
88.25 

89.90 
4L55 

4L56 


10.887  j 

10.867 


10.867 
10.387 
10.867 
10.387 

10.367 
10.867 

10.867 
10.307 
10.867 
10.867 

10.867 

10.867 
10.867 
10.367 

101867 
10.867 
10.867 

10.887 
10.887 

10.887 
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JVb.  2  iehambtred),  from  JatuMtri/  IS  to  July  14, 1881,  at  &Ktdy  Hook,  y.  J. 

wroiuht-Eniii  tube,  iritb  a  colled,  wronihc-lron  luket  ihmnk  on,  iowrted  from  the  oroeah.  Diameter 
•hunber,  loutudlug  btveled  portloDi.  41.38  iiicbsa^  DiuDbcr  of  grooTei  aod  lands,  IS  eachj  depth  of 
54,560  ponnde. 
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ffW 
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'■*■ 

1 

1 
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ii^- 

6S1    aw 

its 

l4tR 

!      1 

..do... 

"c: 

1  m 

«8.S3 

SJ.13 

14  48  Woo 

41.000 
J5,00O 

1           1 

Bntler 

547  'lO  W   ■         1  428 

1           ■ 

M4    10.04 
H8  10.01 

jM,io:oi 

M7   10:04 
551  110:04 

Z'Cu 

540    ioM 

lis 

1,431 
1,381 

! 

1              1           1                    j^ 

..do... 

1,«4       .1.323.S 

l.SdO 

85.' 83 

82.74  8,880.4  ,lg."u  KBZ      38,214 

1 

'    3^'»0 

:|; 

1,388       1.281.1 
1.3«B.b'i.  242.5 

7.27S.0 
8,607.3 

7.«J.3 

78.58 
80.42 

74.30 

5S.'»8's.'e87.8 

5&40  5.843.1 
5S.20   S,  030.1 

lanlusa     S;T7e 

.4,88.2.22      20.500 

lS.70ll2.00|    28,500 
IS,  05  113.18       30,000 

..do... 

1:433 

41 

1.357       1.238 

7,020.8 

73.88 

54.00   5,824.8 

15.81  12.05  1    28,500 

"":] :: 

1           1 

"il'.'.'. 
..do... 

-do... 

..do... 
-.do..- 

1,*S8.4   1.308.4  ;7,»2."2 
l,45a.511.ai5.l'8,0.M 

'••^*  !'■■"' i""* 

1.417.4  '1,285.4   7,  ess.  4 

1.480      ll.3»      8.0S2.S 
1,4I«.2    1,S98.5   8,203.2 

83.15 

84.70 
00.77 

8S.0S 
87.18 

85.SS  a.Mi'8 
84. 48     .  808. 8 
88.36  1  ,012.8 

7. 01   14.  SO  1    23, 500 

0.18  15.60  1    28,600 

18.07   13.05      3\50O 

17.07 'i4.8b'    38,000 
18.44   15.03  !    20.000 

1,424 

::.! r:..\i«. 

..do... 

..do.- 
..do... 

548  10. 04 

H8  loloi 
SS3   to.  94 

1,404.3 
1:473.1 

1,274.7  7,40L3 

1,107.7  7,782.8 
1.830,3  8,214 

1 

78.'e2 

81.80 
88.43 

;; 

8.172.1  18.85  13.72      3S,1»0 

8.8*5.4  17.30  14.10  1    84,000 
8,807.5  1B.M  14.80,    30,838 

1                       !    28,800 

i      i      i 
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Table  No.  2.^Target  record  of  firing  mth  ii-inck  mutzle- 


Barometer,  20.97;    ther- 
mometer, 63 ;   relative  . 
humidity,  78  per  cent ;  " 
wind,  6  milea  an  hour. 


Barometer,   29.97;     ther- 
mometer, 89 ;   rehfctive  . 
humidity,  58  per  cent. ;  ^ 
wind,  10  miles  an  hour. 


Barometer,  30.10 ;  ther- 
mometer, 00;  relative 
humidity,  62  per  cent ; 
wind,  13  miles  an  hour. 


8.5 
86 

87 

I 

88 


Apr.  28  ! 
Apr.  28 
Apr.  28  ' 
Apr.  28  I 


107 

108 

\ 

109 
110 
111 
112 


May  7 

May  7 

May  7 

May  7 

May  7 

May  7 


CD 

a 
d 


^ 
3 


H 

0) 


a 
o 


3 

1 

125 

3 

125 

1 
3 

125 

3  ' 

125 

Butler, 
new.  ' 
. .  do  ... 

..do  . .. 

. .  do  — 


547 
547 
546 
546 


125 
125 
125 
125 
125 
126 


Butler 
new. 
..do  .. 

I. .do  .. 

..do  . . 

..do  .. 

.do  .. 


I 


545 
546 
546 
552 
552 
553 


5  2i5.54 

5  24*5. 58 

I 
5  5   5.42 

I 

5  5   5. 42 


H       ( 


I' 


I- 


38 

38 

.38 


.38 


5  5  A20 
5  5   5.83 

5  5  6. 33l 

6  5  5. 17 

I 

5  5  5.00 
55   5 


9) 


(•  -S^i 


S 

a 


.00  J    ^ 


.38 

i 

.88 
•38 
.88 

.38 

I 


EEPORT  OF  THE  CHIEF  OF  ORDNANCE. 


533 


loading  rifle  No,  2  (chambered),  at  Sandy  Hook,  N,  J, 


Distance  from  center  of  target, 
in  feet 

IMstance  frt>m  center  of  impact, 
in  feet. 

Vertical. 

Horizontal. 

Vertical. 

Horizontal. 

1 

RemarkB. 

Above. 

Below. 

Right. 

Left. 

AboTe.  1  Below. 

Right. 

1 
Left.   1 

4.00 

1.75 

12.83 

6.00 
7.32 

........ 

15.75 
18.00 
19.75 

14.40 
8.75 

2.28 
4.53 

«  -  • 

.28 

L42 

5.42 

.07 
1 

1 

6.05 

1.33 

Target  No.  1.— Fired  at  3.000-yard 
target.     Target  30'  x  40',  made 
of  r'  spmce  hoards.    Round  80, 
sabot  stripped  in  flight ;  irreg- 
ular.   Round  82,  slightly  irreg- 

1.04 

5.58 

ular  flight. 

81.40 

71.65 

7.09 

7.09 

6.91 

6.91 

Mean  vertical  deviation  from  cen- 
ter of  impact,  2'.84. 
Mean   horizontal  deviation  from 

31.40  ••-5=6.28 

71.65-^5=14.33 

14.181-5=2.84 

13.821-6=2.76' 

center  of  impact,  2'.76. 
Mean  deviation  firom  center  of  im> 
pact,  3'.96. 

11.00 
4.50 
&00 

i 

9.12 
1.50 

5.74 

6.71 

1 

.21 

5.28 
1.90 

1 

2.34 

4.84  ! 

1 

_ 

Target  No.  2.~Fired  at  8,000-yaid 

6.34 

1.00 

10.68 

3.71 

I     target.    Target  80'  X  40',  made 
f    of  1"  spmce  boards.    Round  85, 
flight  fair. 

) 

6.34 

28.50 

16.86 

1.00 

10.63 

10.68 

7.18 

7.18 

Mean  vertical  deviation  from  cen- 
ter of  impact^  5'.81. 

17.16-1-4=4.29 

15.361-4  =  3.84 

21.261-4  =  5.31 

14.361-4=3.59 

center  of  impact,  8'.59. 
Mean  deviation  from  center  of  im- 
pact, 6'.  41. 

Under 

2.50 
1,76 
tareet . 

5.83 
4.17 

.92 

1.70 

2.88 
L17 

Target  No.  8.— Fired  at3, 000-yard 
target.    Target  80'  X  4(K.  made 

>  of  1"  spruce  boarda.  Rounds 
109.  110,  111,  sUghUy  irregular 
flight. 

12.00 
in  front 

3.88 
of  targe 

8.54 

.88 

10  feet 

t 

2.42 

1.83 

5.88 

4.83 

y 

2.42 

16.26 

18.83 

1.88 

&54 

a54 

4.83 

4.83 

t«r  of  impact  4'.27. 
Mean  horizontal  deviation  from 
center  of  impact,  2'.44. 

13.841-4  =  8.46 

12.001-4=3.00 

17.081-4  =  4.27 

9.761-4  =  2.44 

1 

Mean  deviation  from  center  of  im- 
pact, 4'.92. 

run  I 


'> 


i 


^  t^H 


4 


1 
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APPENDIX  38^. 

REPORT  OF  TRIAL  OP  THE  HOTCHKISS  SHELLS  WITH  TRIPLE  WALLS 
TO  COMPARE  THEM  WITH  THE  COMMON  HOTCHKISS  WITH  SINGLE 
WALLS. 

[Three  plates.] 

The  shells  employed  were  the  same  in  construction  as  those  previ- 
ously fired  by  the  board,  described  in  its  report  of  April  29, 1879. 

FIRING  RECORD. 

Of  39  triple  wall  shells  fired,  29  burst  on  first  striking  ground ;  2  burst 
in  air  after  first  ricochet;  2  struck  target  and  burst  whilst  passing 
through ;  1  burst  after  passing  through  target ',  1  burst  at  muzzle  of 
gun ;  2  broke  up  in  gun,  and  2  did  not  burst. 

Of  29  common  sheUs  fired,  24  burst  on  first  striking  ground ;  3  burst 
in  air  after  first  ricochet ;  1  struck  target  and  burst  after  passing 
through  ;  1  did  not  burst. 

Comparing  the  target  record  of  an  equal  number  of  shells  of  each 
kind,  it  is  found  that : 

1st.  Of  20  shells  with  triple  walls  17  burst  on  striking  ground  in 
front  of  target;  2  ricochetted  over  target  and  burst  beyond  it,  and  1 
did  not  burst.  From  these  projectiles  546  pieces  hit  the  target ;  398 
pieces  passing  through,  giving  32-^  hits  per  shell,  23-^^  of  which  would 
have  been  effective  against  troops. 

2d.  Of  20  common  shells,  17  burst  on  striking  ground  in  front  of  tar- 
get; 2  ricochetted  over  target  and  burst  beyond,  and  1  did  not  burst. 
From  these  projectiles  191  pieces  hit  the  target;  172  pieces  passing 
through,  giving  ll^*!-  hits  per  shell,  10^^^  of  which  would  have  been 
effective. 

Fourteen  sighting  shots  were  fired,  using  triple  wall  shells  and  new 
mortar  powder,  and  it  was  of  these  that  1  burst  at  muzzle  and  2  broke 
up  in  gun.  With  all  the  other  kinds,  I.  K.  A.  powder  was  used  and 
no  premature  explosions  occurred. 

CONCLUSIONS. 

On  comparing  the  results  of  this  series  with  those  previously  made 
by  the  board,  it  is  found  that  all  premature  explosions  of  Hotchkiss 
shells  of  either  kind  occurred  when  the  new  mortar  powder  was  em- 
ployed, showing  that  none  of  these  shells  can  be  used  safely  with  that 
powder,  but  that  with  the  I.  K.  A.  powder,  which  has  given  such  excel- 
lent results  in  breech-loading  field-pieces,  they  can  be  fired  with  safety. 

All  the  trials  have  shown  that  the  percussion  fuze  employed  by  Mr. 
Hotchkiss  in  these  shells  is  not  so  sensitive  or  so  regular  in  its  action 
as  is  desirable  for  use  in  service. 

In  its  effect,  the  triple-wall  shell,  though  using  a  smaller  burstiug 
charge,  proved  to  be  ^Uy  twice  as  destructive  as  the  common  shell. 

The  board  is  of  opinion  that  the  triple-wall  shell  with  an  improved 
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fdze  might  be  advantageously  iutrodaced  into  the  field  Bervice,  but 
since  variations  will  occur  in  the  strength  of  the  charge  used  in  the  gun, 
it  is  advisable  that  this  projectile  be  constructed  to  resist  a  heavier 
charge,  and  the  board  does  recommend  that  the  attention  of  Mr.  Hotch- 
kiss  be  called  to  the  results  obtained  with  his  shells  and  fuzes,  and  that 
he  be  requested  to  have  them  so  modified  as  to  meet,  if  possible,  the 
requirements  of  service.  ♦ 
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APPENDIX  38'. 

REPORT  ON  THE  HOTCHKISS   BREECH-LOADING  MOUNTAIN  GUNS,  CAL- 
IBER r.e^. 

[One  plate.] 

July  29,  1881 . 
The  Chief  of  Ordnance,  U.  S.  A., 

Washingtonj  J).  C.  : 

Sir  :  I  have  the  honor  to  state  that  the  Ordnance  Board,  after  a 
careful  consideration  of  the  subject  of  the  adoption  of  a  light  portable 
field-piece,  for  the  special  use  of  our  frontier  service  (replacing  the  ob- 
solete mountain  howitzer),  and  an  examination  of  the  various  reports 
which  have,  from  time  to  time,  been  referred  to  it,  submits  the  following 
recommendations : 

I. — The  gun. 

In  considering  the  caliber,  and  consequent  range  and  eflectivenees, 
for  a  gun  of  this  nature,  the  question  at  once  arranges  itself  under  the 
main  points  of  weight  and  portability;  the  weight  being  limited  to  the 
carrying  capacity  of  a  single  pack-animal,  unless  a  jointed  system  be 
adopted;  and  this,  from  the  rough  character  of  our  frontier  service,  is 
thought  to  be  decidedly  objectionable.  Portability  being  dependent  of 
course  on  lightness,  the  least  weight  of  piece  consistent  with  the  accom- 
plishment of  the  work  required,  should  obtain.  The  reports  from  the 
field  in  regard  to  the  Hotchkiss  mountain  rifle,  caliber  l."65,  weighing 
but  120  pounds,  speak  most  highly  of  it  for  range  and  accuracy ;  and 
it  is  thought  to  possess  all  the  requirements  of  a  gun  for  our  mountain 
service  and  that  of  the  plains.  The  board,  therefore,  in  view  of  the 
favorable  reports  from  the  field  as  to  its  utility  and  portability,  and  its 
general  adaptability  to  the  practical  wants  of  the  service  of  the  frontier, 
recommends  its  definite  adoption  for  service. 

II. — The  CARRIAGE  (Hotchkiss  mountain  gun.) 

The  present  carriage  arranged  for  shaft-draft,  without  limber,  has 
been  shown  by  practical  trial  in  the  field  to  be  entirely  unsuitable  as  a 
method  of  transportation. 

When  the  gun  is  to  be  transported  on  its  carriage,  the  desirability  of 
a  limber  is  clearly  shown,  both  as  a  means  of  carrying  a  larger  supply 
of  ammunition  and  of  ease  of  traction,  and  especially  so,  as  it  is  evident 
that  whenever  it  may  be  desired  to  transport  the  gun  on  its  carriage, 
the  limber  can  always  accompany  it.  It  is  therefore  recommended  that 
the  present  method  of  shaft-draft  be  abandoned,  and  that  a  suitably 
arranged  limber,  with  pole  and  harness  for  the  horses,  be  furnished  with 
this  gun. 

III.— Packing. 

In  regard  to  the  transportation  of  the  mountain  gun,  with  its  car- 
riage, implements,  and  ammunition,  by  means  of  pack-animals,  the  board 
has  examined  the  various  methods  brought  before  it.  The  manner  of 
packing  recommended  by  the  board  of  officers  convened  at  Saint  Paul 
by  the  commanding  general,  Department  of  Dakota  (see  Ordnance 
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Note  149),  and  Moore's  imiNcoved  method,  as  used  in  the  Depwrtment  of 
the  Missouri,  seem  alike  in  many  features,  and  seem  about  equally  well 
adapted  for  the  end  in  view ;  but  as  this  is  a  question  only  to  be  deter- 
mined by  practical  trial,  it  is  recommended  tluife  a  limited  number  of 
outHts  on  each  system  be  manufactured  and  issued  fcnr  oomparative  trial 
in  the  field.  With  either,  it  is  evident  that  practical  instnietion  will  be 
necessary. 

For  the  carriage  of  cartxiilgea  with  pack-animals,  the  Madigan  box 
seems  well  adapted,  and  ha'S  the  dewidcid  advantage  of  accessibility  to 
the  cartridges  without  nnlashing.  It  is  recomimdad  that  this  manner 
of  carrying  ammunition  by  packing,  be,  on  every  oppoftnikity,  tried  As 
thoroughly  as  possible,  and  full  reports  rendered,  as  the  resim  of  the 
trial  may  have  a  direct  bearing  on  the  supply  of  small-arm  ammunitmi 
on  the  field  of  battle,  a  subject  which,  in  the  plain  approach  of  maga- 
zine arms,  is  one  of  grave  importance. 

IV. — AM>IUNITI0N   (HoTCHKISS  MOUNTAIN  GUN). 

The  main  objection  to  the  ammunition  issued  with  this  gun,  seems  to 
be  an  occasional  failure  of  the  percussion  fuze,  too  insecure  an  attach- 
ment of  the  cartridge-case  to  the  projectile,  and  missfires.  The  same 
fuze  of  later  manufacture,  has  given  excellent  results  at  Sandy  Hook, 
and  the  attaehmeut  of  the  cartridge-case  to  the  projectile  can  readily  be 
made  stronger.  The  missfires  it  is  thought,  in  many  instances,  arise 
from  the  valve  at  the  base  of  the  cartridge-ca-se  leading  to  the  charge, 
being  either  rusted  in  place  or  too  rigidly  fixed  in  fabrication. 

Observing  that  the  valve  is  properly  loosened  prior  to  filling  the  case, 
will  doubtless  remedy  this  defect;  and  using  a  longer  primer,  made  for 
the  purpose,  will  obviate  the  missfires  due  to  the  primers  issued  with 
the  earlier  ammunition. 

In  this  connection  the  board  would  suggest  the  advisability  of  the 
department  now  undertaking  the  manufacture  of  both  the  cartridges 
and  fuzes  for  this  gun.    They  are  at  present  purchased  abroad. 

Attaching  a  firiug-pin  to  a  gun  of  this  nature,  as  has  been  suggested 
in  reports  from  the  field,  would  necessarily  introduce  a  new  complica* 
tion  in  the  breech  fermeture,  and  would  not,  it  is  thought,  have  any 
advantage  over  a  primer  of  proper  dimensions. 

A  description  of  this  gun  is  given  in  the  Eeport  of  Chief  of  Ordoance 
for  1880,  pages  132  and  133.  A  table  of  ranges  was  determined  by  the 
board  for  this  gun  up  to  and  including  15°  elevation,  and  will  be  found 
in  the  inclosed  records  of  firing  of  guns  Nos.  47  and  49.  Gun  No.  49 
was  fired  at  a  target  a  mile  distant,  and  its  record  is  also  herewith  ap- 
pended. 
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guns,  by  Capt.  E.  B.  Williston,  Second  Artillery 299 

32.  Description  of  a  proposed  3.5-inch  breech-Ioadiug  rifle,  by  Capt. 
George  W.  McKee,  Ordnance  Department (1  plate)  302 

33.  Report  on  comparative  merits  of  shells  in  aiming  drill,  by  Lieut>.  C. 

C.  Morrison,  Ordnance  Department (1  plate)  313 

34.  Trajectory  of  a  projectile  in  vacuo j  by  Capt.  John  E.  Greer,  Ord- 
nance Department 315 

35.  Report  on  files,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department,  and  S. 

W.  Porter,  master  armorer  at  the  National  Armory (29  plates)         320 

36.  Showing  stations  and  duties  of  the  officers  of  the  Ordnance  Depart- 
ment on  the  Ist  of  October,  1881 379 

REPORTS  OP  THE  CONSTRUCTOR  OF  ORDNANCE. 

37.  Construction  of  an  11-inch  breech -loading  chambered  rifle.  .(1  plate)  382 
37^  Construction  of  an  11-inch  muzzle- loading  chambered  rifle  .(1  plate;  391 
37^.  Construction  of  an  8-inch  breech-loading  chambered  rifle  ..(1  plate)  395 
37<^.  Construction  of  three  3.20-inch  breech-loading  chambered  rifles  (3 

plates) 409 

37^.  Construction  of  carriage  for  3.20-inch  rifles (1  plate)  411 

37^  Progress  report  on  12-inch  breech-loading  chambered  rifles  (1  plate).  435 
37».  Progress  report  on  12-inch  breech-loading  chambered  rifle  howitzer  (1 

plate) 439 

37".  Progress  report  on  plant  for  fabrication  of  12-inch  rifles 441 

37».  Report  on  tests  of  Firth's  steel 442 

37*^.  Progress  report  on  cannon  powder 482 

REPORTS  OF  THE  ORDNANCE  BOARD. 

38.  Propermode  of  packing  gunpowder 490 

^^a»   Continued  test  of  8-inch  oreech-loading  rifle  No.  1 (7  plates)  493 
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^S\  3.20-iiich  breech-loacling  chambered  rifles (24  plates)  503 

:58'=.  ll-incli  mnzzle-loading  chambered  rifle  No.  2 (3  plates)  527 

38<^.  Hotchkiss  single  and  triple  wall  shells (3  plates)  535 

38*.   Hotchkiss  mountain  cun (1  plate)  541 

Apportionment  ( Appendix  4) : 

of  ordnance,  ordnance  stores,  &c.,  to  the  States  and  Territories  for  the 

militia  thereof 47 

Armament  of  fortifications  : 

the  law  authorizing  the  selection  of  a  board  of  oflicers  to  make  examina- 
tions of  all  inventions  of  heavy  ordnance  and  projectiles 7 

in  conformity  with  the  foregoing,  a  board  of  officers  is  now  in  session 7 

Arms.    (/See  "Small-arms.") 
Army: 

issues  of  ordnance,  ordnance  stores,  &c.,  to  (See  **  Issues  to  the  military 

establishment") 24 

Art  of  filing  :  {See  Files  and  rasps)  ( Appendix  35) 346 

Ballistics,  rational  and  practical  (Appendix  23) : 

new  methods  for  solving  problems  of  tire 218 

ballistic  table  calculated  from  Captain  Siacci's  (Italian  artillery)  formu- 
las    238 

Bar-iron  (Appendix  16): 

report  upon  certain  tests  for  physical  properties  of  bar-iron  used  in  the 

fabrication  of  w rough t-iron  tubes  for  converted  rifles 115 

Bartleti's  Formulas  (Appendix  22): 

their  practical  application  to  problems. in  gun  construction 195 

law  of  the  twist 196 

an  increasing  twist 207 

radius  of  gyration 208 

materials  and  dimensions  of  guns 208 

Benicia  Arsenal: 

the  only  manufacturing  arsenal  on  the  Faciflc  coast,  and  deserves  foster- 
ing   4 

report  of  i)rincipal  operations  for  the  fiscal  year  1881  (Appendix  10) 67 

the  artesian  well;  modified  views  respecting,  since  last  year's  report — pri- 
vate enterprise  has  solved  d ifficult  questions 68, 69 

tools  used  in  renewing  work 70, 73 

the  sinking  of  an  explosive  cartridge  in  the  well  and  the  result 72,73 

Benton,  Col,  J.  G.  (Appendix  17): 

submits  reports  of  experimental  firings  under  his  direction  with  the  Spring- 
field service  and  Springfield  long-range  rifles,  using  bullets  of  increased 

weight , 118,147 

submits  report  on  feed-guides  and  feed-cases  for  machine  guns  (Appendix 

24) (20  plates)  243 

submits  report  on  experimental  cartridges  of  70  and  80  grains  powder  and 

500  grains  lead  (Appendix  28) 278 

Benton,  Col.  J.  G. : 

death  of 4 

Board,  ordnance.     {See  "Ordnance  Boaixl.") 
Board  of  officers: 

to  examine  magazine  guns  with  a  view  to  selection  for  trial  in  service. ..  5 

Breech-loading  rifled  field  gun  (Ap])endix  32): 

proposed  3.5  inch,  of  wrought  iron  or  steel,  by  Capt.  G.  W.  McKee  -  (1  plate)  302 

Breech-loading  rifle,  8-inch,  No.  1  (Appendix  38») : 

continued  tests  of 493 

record  of  firings 404-502 

Breech-loading  chambered  rifles  (Appendix  3^^) : 

report,  on  3.20  inch  {See  **Kifle8") ^ 503 

Bri'ff,  LiEiT.  L.  L.  (Appendix  27): 

rejjort  on  the  manufacture  of  1,000  spurs  and  straps  of  the  "Mills"  pat- 
tern  (5  plates)  274 

Bullets,  round,  pointed  (Appendix  28) : 

report  of  firings  with  the  cartridge  of  500  grains  lead  and  70  and  80  grains 

powder 275 

Cannon  powders,  experimental  (Appendix  37*^): 

progress  report  on 482 

with  the  11-inch  M.  L.  chambered  rifle  No.  2 483 

with  the  8-inch  M.  L.  chambered  rifle  No.  28 487 
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Carbines: 

Number  of  carbines  and  other  small-arms  on  hand  as  a  reserve  supply  (in- 
cluding those  miinufac lured  during  the  year)  on  July  1,  1881 5 

Carhiage  for  field  guns: 

the  Engelhardt    426 

Cartridge  bag  (Appendix  26): 

for  the  lift'-saving  service (1  plate)  260 

Cartridges,  experimental  (Appendix  28) : 

report  of  liriugs  with  cartridges  containing  70  and  80  grains  of  powder  and 

500  grains  of  lead,  manufactured  at  Frankford  Arsenal (1  plate)  275 

Cavalry  FOiuiE  harness  (See  Harness  for  Laidley  cavalry  forge)  (Appen- 
dix 15) Ill 

Centers  for  paper  tarijets  A  (Appendix  14) : 

report  on  the  fabrication  of (1  i)late)  108 

Chambered  rifles  (See  *' Rifles")  (Appendix  38''): 

report  on  3.20-inch  B.  L r>03 

Clerical  force  : 

additional  clerks  of  class  four,  recommended  to  be  provided,  to  have  charge 

of  the  important  divisions  of  the  office 7 

duties  of  the  chief  clerk  require  an  increase  of  present  pay 7 

Colleges  and  universities: 

statement  of  the  orduance,  ordnance  stores,  &c.,  distributed  to,  during 

fiscal  year  1881 53 

Constructor  of  ordnance  (Reports): 

list  of  reports  from,  submitted 9 

construction  report  of  an  ll-inch  hreech-loading  chambered  rifle  converteil 

from  a  15-inch  smooth-bore  Rodman  gun  (Appendix  37) (1  plat<*)  382 

construction  report  of  the  ll-inch  chambered  muzzle-loadivg  Hfle  converted 

from  a  15-iuch  smooth-bore  Rodman  gun  (Appendix  37») (1  plate)  391 

construction  report  of  an  S-inch  chambered  breech-loading  rifle  converted 

from  a  10-inch  Rodman  smooth-bore  gun  (Appendix  37*») (1  plate)  395 

construction  report  of  three  3.20-inch  breech-loading  chambered  rifles 

(Appendix  370 (1  plate)  409 

construction  report  of  fleld  carriage  for  3.20  inch  breach-loading  rifles  with 

description  of  the  Engelhardt  carriage  (Appendix  37**) (3  plates)  411 

new  iron  field  caiTiage  for  long-range  guns .414 

fleld  carriages  for  modern  rifled  guns,  European  and  American .  ( table)  422 

details  concerning  wrought-iron  and  steel  fleld  carriages (table)         424 

Colonel  Engelhard t's  carriage 426-28 

Colonel  Engelhardt's  limber 430 

Colonel  Engelhardt's  caisson 4'^ 

progress  report  on  the  construction  of  four  12-inoh  breech-loading  chambered 

Ji/fc«  (Appendix  370 (1  plate)  435 

progress  report  of  a  lii-inch  breach-loading  chambered  rifted  howitzer  and  car- 
riage for  (Appendix  37«) (1  plate)  439, 440 

progi-ess  report  of  ^^planV^  for  the  fabrication  of  12-inch  breech-loading 
rifles  at  the  South  Boston  Foundry  (movable  plant  and  permanent  plant) 
(Appendix  37h) 441 

report  of  results  obtained  in  the  mechanical  tests  of  the  steel  used  at  the 
West  Point  Foundry  in  the  conversion  of  smooth-bore  Rodman  guns  into 

breech-loading  rifles  (Appendix  37') 442 

Contract  ammunition  : 

report  on  the  inspection  of,  by  Capt.  IT.  Metcalf  (Appendix  19).. (3  plates)  155 

Conversion  of  smooth-bore  guns  (Appendix  :i7'): 

result  of  mechanical  tests  of  the  steel  used  for  conversion  of  smooth-boro 

gnus  into  breech-l()a<ling  rifles 442 

Converted  rifes  (Appendix  16) : 

report  upon  certain  tests  for  physical  properties  made  with  various  sizes 

of  bar- iron  used  in  the  fabrication  of  wrought-iron  tubes 115 

Deaths : 

Col.  J.  G.  Benton 4 

Duties  : 

distribution  of  duties  of  the  oftieers  of  the  Ordnance  Department 4 

officers  of  the  department  on  detached  service 4 

DUTTON,  Capt.  C.  E.  (Appendix  20): 

*'the  verdict  of  scientific  opinion  upon  his  report  on  the  Geology  of  the 

•         High  Plateaus  of  Utah" 173 

Engelhardt  field  carriage 426 

limber  and  carriage 428 
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Executive  departments  (Appendix  7) : 

statement  of  onluauce,  ordnance  stores,  &c.,  issued  to,  during  the  fiscal 

year  ended  June  30,  1881 

Expenditures  : 

of  the  Ordnance  Department  for  the  year  ended  June  30,  1861 

Experimental  firings  with  small-arms: 
{See  "Long-range  tiring.") 

{See  "  SmaTl-arnis"  aud  "Experimental  cartridges.") 
Experimental  cartridges  (Appendix  28): 

reports  of  firings  with  cartridges  containing  70  and  80  grains  of  powder 

and  500  grains  of  lead  (1  plate) 

Experimental  cannon  powders  (Appendix  37*^) : 

progress  report  on.     {See  Cannon  powders) 

Experiments  in  packing  gunpowder  (Appendix  38) : 

to  determine  proper  mode 

Fabrications  :  {See^ ^Armament  of  Fortifications  ") 

of  12-inch  breech-loading  rifles  at  the  South  Boston  Iron  Foundry,  prog- 
ress report.     (Appendix  37'') 

statemeut  of  principal  articles  fabricated  at  the  arsenals  during  the  fiscal 

year  1881.    (Appendix  1) '. 

of  centers  for  paper  targets  A  (Appendix  14) (1  plate) 

Feed-cases    I/a^^^^a;^  oA^. 
Feed.guide8^(^PP*"^*^24^- 

for  machine  guns,  report  on (20  plates) 

Field  carriages  for  modern  rifled  guns: 

(European  and  American)  caliber,  weight,  initial  force,  &,c 

Colonel  Engt^lhardt's  carriage 

Field  gun  (Appendix  32): 

a  proposed  3.5-inch  breech-loading  rifled  field  gun  of  wrought  iron  or 

steel,  by  Capt.  G.  W.  McKee  (1  idate) 

Files  and  rasps  (Appendix  35) : 

report  on  the  manufacture  aud  uses  of (29  plates) 

definition  of,  and  antiquity  of  the  file 

classification,  size,  cut 

manufacture  of  files 

tile  cutting 

,     •  by  hand 

by  machine  (Nicholson's  '*  increment-cut ") 

hardening 

file-cutting  machines 

rifflers,  scrapers,  file-holders,  cleaners 

the  art  of  filing 

putting  on  handles,  position  of  vise,  grasping  the  file 

draw-hling 

cleaning  and  care  of,  use  of  oil 

manufaqfure  of  files  at  the  National  Armory 

n)rging,  annealing,  grinding 

draw-filing,  catting 

hardening,  straightening,  file- cutting  tools 

kinds  of  hies  used  in  machine  shop 

kinds  of  tiles  used  in  forging  shop 

kinds  of  files  used  in  milling  shop 

filing  department,  kinds  used 

special  files , 

files  used  in  stocking  shop 

files  used  in  carpenter  shop 

files  used  in  pattern  shop 

glosaarial  description' of  files  and  rasps  and  machines  for  cutting 

triglot  synonomy 

standard  files 

Borlez's,  Grobet's 

Proutat's,  Kearney  &  Footers,  Nicholson's  "  incremeni-cut " 

Nicholson's  extras  and  specialties 

rasps 

definition  and  classification 

kinds  and  description 

Flagler,' Lieut.  Col.  D.  W.  {See  Rock  Island  Arsenal)  (Appendix  9): 

report  of  principal  operations  at  the  Rock  Island  Arsenal  for  the  fiscal 
year  1881 (8  plates) 
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Flagler,  Lieut.  Col.  D.  W. — Continued. 

rex>ort  on   the  fabrication  of  centers  for  paper   targets  A  (Appendix 

14) (1  plate)  108 

description  of  harness  manufactured  for  the  Laidley  cavalry  forge  (Ap- 
pendix 15) (1  plate)  111 

Folta,  Capt.  Luig6  (Italian  artillery)  : 

telemeter-sight  (Appendix  18) (1  plate)  149 

Formulas.    {See  Bartlett's  formulas.) 
Frankford  Arsenal: 

report   of    principal    operations    for  the   fiscal    year   1881   (Appendix 

12) (7  plates)  80 

enlargement  of  shop  space 81 

lead  furnace  and  machine  for  hardening  tools 82 

sand-blast  process  for  sharpening  files 83 

machine  for  heading  solid-nead  cartridges y-  83 

primer-inserting  machine  for  solid-head  cartridges 84 

measuring  machine  with  Gill's  counterpoise  beam   for  differential 

measurement  by  mechanical  touch 84 

report  on  long-range  cartridges  from  the  National  Armory  ( Appeudix  17) . .  145 

Gallery  and  target  practice  : 

the  amount  of  money  required  per  man  to  furnish  ammunition  for  gal- 
lery and  target  practice  of  the  Army 5, 6 

qItl^g    1  Machine  guns  (Appendix  31): 

record  of  target  practice  with 299 

Geology  of  the  High  Plateaus  of  Utah  (Appendix  20): 

Scientific  opinion  of  Capt.  C.  E.  Dutton's  report 173 

Greer,  Capt.  Jno.  E.  : 

report  of  experiments  with  small-arms  having  varying  lengths  and  weights 

of  barrels  and  varying  charges  of  powder  and  bullets  (Appendix  13)  —  87 

report  of  experimental  firings  with  the  Springfield  service  and  Springfield 

long-range  rifie,  using  bullets  of  increased  weight  (Appendix  17) 118-142 

report  on  a  telemeter-sight,  invented   by  Capt.  Lttig^  Folta  (Italian 

artillery)  (Appendix  18) (1  plate)  149 

report  on  feed-guides  and  feed-cases  for  machine  guns- and  methods  or 

packing  the  ammunition  for  transportation  (Appendix  24). .  .(20  plates)  243 

report  on  experimental  cartridges  of  70  and  80  grains  powder  and  500 

grains  of  lead  (Appendix  28) 275 

report  on  the  trajectory  of  a  projectile  in  vacuo 315 

Gun,  line-throwing  (Appendix  21) : 

report  on,  for  life-saving  purposes (4  plates)  185 

Gunpowder,  experimental.    {See  "  Cannon  powders.") 
Gunpowder  (Appendix  38): 

report  of  experiments  to  determine  proper  method  of  packing 490 

Harness  for  Laidley  cavalry  forge  (Appendix  15) : 

description  of,  manufactured  at  Rock  Island  Arsenal (1  plate)  111 

for  one  lead-horse     ?  *• 

for  one  wheel-horse  J ^ 

dimensions  of  parts 112 

High  Plateaus  of  Utah  (Appendix  20) : 

scientific  opinion  of  the  report  of  Capt.  C.  E.  Dutton  on  the  geology  of. ..  173 

HoTCHKiss  B.  L.  mountain  gun,  pack  outfit  (Appendix  30) : 

report  on  a  pack  outfit  for (13  plates)  297 

HoTCHKiss  B.  L.  MOUNTAIN  GUN,  oal.  1.65-inch  (Appendix  380 : 

report  of  the  Ordnance  Board — the  gun,  carriage,  packing  of  ammunition.  541-^42 

record  of  firing  with  guns  Nod.  49  and  47 543-547 

HOTCHKISS  MACHINE  GUNS  (Appendix  31): 

record  of  target  practice  with,  by  Capt.  E.  B.  Williston,  Second  Artil- 
lery    299 

HOTCHKISS  SHELLS  (WITH  TRIPLE  WALLS)  (Appendix  ;58'*) : 

report  of  the  Ordnance  Board — triple  and  single  walls (3  plates)  535 

record  of  firings  with  Hotchkiss  3.15-inch  B.  L.  rifle  No.  787  ..  .(3  plates)  537-540 
Hughes,  Capt.  R.  P.,  Third  Infantry  (Appendix  30): 

report  ou  a  pack  outfit  for  Hotchkiss  breech-loading  mountain  gun 23d 

Hunt  life-saving  projectile  (Appendix  25) : 

report  on... 253 

description  of  the  projectile,  the  shore  can 257 

dimensions  of  the  projectile,  weight,  line,  cost,  and  method  of  using. .  258 

experimental  firings  with  the  Lyle  gun 259-267 
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Inspection  of  contract  small-arm  ammunition  (Appendix  19) : 

repoFt  of  Capt.  H.  Metcalfe (3  plates)  155 

Iron  fibld-carriagk^  new,  for  long-range  guns  (Appendix  37<*) 414 

Issues  of  ordnance,  ordnance  stores,  &c.  (during  fiscal  year  1881): 

to  the  ntilitary  e8Uibli8knient  (exclusive  of  the  militia)  (Appendix  3) 24-46 

to  the  militia  (Appendix  5) 48-52 

to  colleges  and  univernties  {ki}pein\\:x.G) 53,54 

to  the  Executive  Departments  (Appendix  7) 55 

Laidley  cavalry  forge  harness  :  (See  **  Harness  for  Laidley  cavalry  forge*') 

(Appendix  15) (1  plate)  111 

Laidley,  Col.  T.  T.  S.  (Appendix  29) : 

submits  Lieut.  ^A.  H.  Russell's  report  on  prism  range-finders 291 

Life-Saving  Service  (Appendix  21) : 

report  on  tlie  Spencer  line -throwing  gun (4  plates)  185 

report   on  sponge,  sponge  cover,  and  cartridge- bag  for  (Appendix  26) 

(1  plate)  269 

Life-saving  projectile  (Appendix  ?5) : 

report  on  the  *'Hunt" (8  plates)  253 

experimental  firings  with  the  Lyle  gun 260-267 

Line-throwing  gun  (Spencer's)  (Appendix  21): 

for  life-saving  purposes (4  plates)  185 

Long-range  firing  : 

experiments  with  the  service  rifle  and  the  Springfield  long-range  rifle,  using 
varying  lengths  and  weights  of  barrels  and  charges  of  jjowder,  and  in- 
creased weight  of  bullet  (Appendices  13  and  17) 87, 118 

Long-range  guns  (Appendix  37*') : 

new  iron  field  carriage  for 414 

Lyford,  Maj.  S.  C.  (Appendix  12) : 

report  of  principal  operations  at  the  Frankford  Arsenal  during  the  fiscal 
year  ended  June  30, 1881 :  {See  ^'  Frankford  Arsenal '■ ) (7  plates)  80 

Lyle,  Lieut.  D.  A.  (Ordnance  Department,  U.  S.  A.)  (Appendix  21) : 

report  on  the  Spencer  line-throwing  gun  for  life-saving  purposes .  (4  plates)  185 

report  on  the  Hunt  life-saviug  projectile  (Appendix  ^) (8  plates)  253 

report  on  sponge,  sponge  cover,  and    cartridge-bag  for  the  life-saving 

service  (Appendiir26)  (1  plate) 269 

»  report  on  the  manufacture  and  uses  of  files  and  rasps  (Apdendix  35) 
*    (29plat€s)         320 

Machine  guns  (Appendix  24) : 

report  on  feed-guides  and  feed-cases - (20  plates)         243 

methods  of  packing  the  ammunition  for  transportation 243 

record  of  target  practice  (Appendix  31) '. 299 

Magazine  guns  : 

board  of  officers  for  examination  of,  with  a  view  for  selection  for  trial 


m  service 
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Manufacture  and  uses  of  files  and  rasps  (Appendix  35) : 

report  on,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department 320 

Manufacture  of  "files  at  the  National  Armory:  {See  *'  Files  and  rasps") 

(Appendix  35) 350 

Manufacture  of  spurs  and  straps  (Appendix  27) : 

report  on  the  fabrication  of  1,000  of  the  "  Mills"  pattern (5  plates)         271 

Manufactures.    ( See  also  Fabrications. ) 
Manufacture  op  small- arms: 

the  number  manufactured  during  the  fiscal  year  1881 5 

McKee,  Capt.  Geo.  W.  (Ordnance  Department,  U.  S.  A.)  (Appendix  22) : 
the  practical  application  of  Bartlett's  formulas  to  problems  in  gun  con- 
struction   195 

a  proposed  3.5.inch  breech-loading  rifled  field  gun  of  wrought  iron  or  steel : 
{See  "Proposed  3.5-inch  breech-loading  rifled  field  gun'^  (Appendix  32) 

.' (1  plate)  302 

McAllister,  Col.  Juman  (Ordnance  Department,  U.S.A.  (Appendix  10): 
report  of  principal  operations  at  Benicia  Arsenal  for  the  fiscal  year  1881 : 

(See  Benicia  Arsenal) 67 

Mechanical  tests  (Appendix  37*) : 

report  of  tests  of  steel  used  at  the  West  Point  Foundry  in  the  conversion 

of  smooth-bore  Rodman  guns  into  breech-loading  rifles 442 

Metcalfe,  Capt.  Henry  (Ordnance  Department,  U.  S.  A.)  (Appendix  19) : 

report  on  the  inspection  of  contract  small-arm  ammunition (3  plates)  155 
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Spurs  and  straps  (Appendix  27) (5  plates) 

report  on  the  manufacture  of  1,000  of  the  "  Mills  "  pattern 271 

description  of  the  spur 271 

manniactnre  of  the  metal  parts ;  the  buckles ;  leather  part« 272 

assembling  the  parts * 273 

metallic  parts  for  1,000  pairs 273 

parts  for  leather  work 273 

Stations  and  duties:  (5c«  Appendix  36,  p. 379.) 

of  the  ofiScers  of  the  Ordnance  Department 4 

States  and  Territories  (Appendix  5) : 

arms,  ammunition,  &c.,  issued  under  the  law  for  arming  and  equipping 

the  militia  for  the  fiscal  year  1881 48 

Steel  rifled  field  gun,  3.5  inch  (Appendix  32): 

a  brcf  ch-loading  i^un  proposed  by  Capt.  Geo.  W.  McKee,  Ordnance  De- 
partment  (1  plate)  302 

Steel,  tests  of  (Appendix  37*): 

report  of  results  obtained  in  mechanical  tests  of  steel  used  at  the  West 
Point  Foundry  in  the  conversion  of  smooth-bore  Rodman  guns  into 

breech-loading  rifles ^ 442 

Targets,  A  (Appendix  14): 

report  on  the  fabrication  of  centers (1  plate)  108 

Target  practice: 

has  become  a  necessity  in  the  Army 5 

the  expenditure  of  ammunition  for,  is  not  a  waste  nor  is  it  useless,  but 

one  of  vital  importance  for  good  marksmanship  in  the  Army 5 

the  expense  of  supplying  each  soldier  with  ammunition  for  gallery  and 

target  practice  is  98.50  pt^r  man 6 

in  addition,  a  reserve  supply  should  be  provided  for 6 

record  of  target  practice  with  machine  guns  (Hotchkiss,  Gatling,  Gard- 
ner) (Appendix  31) 299 

fuses,  practice  ground 299 

carriage,  ammunition 300 

sights 301 

Telemeter  sight  (Appendix  18) : 

report  on  a  t'Olemeter-sight  invented  by  Capt.  Luig^  Folta  (Italian  artil- 
lery)  (1  plate)  149 

Testing  machine  : 

report  of  the  commanding  officer,  Watertown  Arsenal,  will  be  submitted .  5 

Tests  of  steel  (Appendix  37>): 

report  of  the  results  of  mechanical  tests  of  the  steel  used  in  the  conversion 

of  breech-loa4jng  Rodman  guns  into  breech-loading  rifles 442 

Tests  of  8-inch  breech-loading  rifles  (continued  tests)  (Appendix 

38») 493 

record  of  firings 494-.'>02 

Tools  for  file-cutting  :  {See  Files  and  rasps.  Appendix  35) :i52 

Trajectory  of  a  projectile  in  vacuo  (Appendix  34) 315 

Transfers: 

of  officers  of  the  line  of  the  Army  to  the  Ordnance  Department  during  the 

fiscal  year  1881 4 

Transportation  of  ammunition  (Appendix  24): 

report  on  methods  of  packing  ammunition  for  field  guns  for  transporta- 
tion  (20plates)         243 

Treasury  Department  (Appendix  7): 

stores  issued  to,  during  the  fiscal  year  1881 55 

Universities.   (See  Colleges.) 

Utah,  Geology  of  the  High  Plateaus  of  (Appendix  20): 

verdict  of  scientific  opinion  of  Capt.  C.  E.  Dutton's  report 173 

Weldon  range-finders.     (See  "  Prism  range-finders.'^ 
Whipple,  Lieut.  C.  W.  (Ordnance  Department) : 

report  of  certain  tests  for  physical  properties  made  with  various  sizes  of 
bar-iron  used  in  the  fabrication  of  wrought-iron  tubes  for  converted 

rifles  (Appenc^ix  16) 115 

report  of  construction  of  field-carriage  for  3.20-inch  breech-loading  rifle, 

with  description  of  the  Engelhardt  carriage  (Appendix  37<^) 411 

WiLLiSTON,  Capt.  E.  B.,  Second  Artillery  (Appendix  31): 

record  of  target  practice  with  the  Hotchkiss,  Gatling,  and  Gardner  ma- 
chine gups 299 
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Wrought  IRON  or  steel  3.5-inch  rifled  field  gun  (Appendix  32): 
a  proposed  new  oue,  by  Capt.  Geo.  W.  McKee,  Ordnance   Depart- 
ment  (1  plate)  302 

West  Point  Foundry: 

mechanical  tests  of  steel  nsed  in  the  conversion  of  RoduiaD  S.   B.  guns 

into  rifled  gnns 442 
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